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Summary of the Invention 
Mutants of the cytokine IL-15 that bind the IL-15 
receptor complex with an affinity similar to wild-type 
IL-15, but fail to activate signal transduction, have 
5 been produced. These mutant polypeptides compete 

effectively with wild-type IL-15 and can block one or 
more of the events that normally occur in response to IL- 
15 signalling, such as cellular proliferation. By 
modulating the events mediated by the IL-15 receptor 
10 complex, mutant" IL-15 polypeptides can modulate the 
immune response, and thus are therapeutically useful. 

Mutant IL-15 polypeptides can have several 
characteristics that"- are- advantageous in the context of 
treatment regimes. First; 'they are lesslikely to be 
15 immunogenic because they can differ^ from 1 wild type IL-15 
by only a few substituted residues. 'Second, IL-15 
mutants bind IlS-iBRcr withr the same" higff af fah'i ty as wild 
type IL-15 and thus, can complete ef fectively^ for* the 
receptor. Third, IL-15 mutant^ Varf He eS¥ily modified to 
20 remain active in the circulation' for "a* prolonged period 
of time, or to produce a lytic response "xxt eel IV to which 
they bind. In addition, the IL-15 receptor : alpHa 
(IL-15Ra) polypeptide "is^exptessed upon activated or 
malignant immune cells;' but not ~ on' T resting immune cells. 
25 Thus, the: mutant polypeptide ^ther invention can be used 
to specifically target activated* or malignant immune 
cells. 

Othet" features and advantages" of 4 the invention 
will be apparent from the following detailed- description, 
30 and from the claims. Although materials" and methods 
similar or equivalent to those described herein can be 
used in the practice or testing of the invention, the 
preferred materials and methods are described below. 
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ANTAGONISTS OF INTERLEUKIN- 1 5 
Related App lication (a) 
This application claims benefit from a provisional 
application that was filed on April 26, 1996, and 
assigned U.S. Serial No.. 60/016,634. 



Field o f the Invention 

T . he ^ f ield of the invention is cytokine -mediated 
1 0 therapeut ics . 



: Background of t he Invent ipp 
An effective immune .response begins when an 
antigen or.mitogen- trigg<ers % the activation of T cells. 
,In_ the pxspeefs of^.T. cell activation, numerous cellular 
15 ,^chang£3^ opcur #r , which include, the expression of cytokines 
, n and. cytokine receptors, . One. of the cytokines involved in 
j i^H^ response is interleukin-15 (IL-15) . IL-15 is 

a T r eel Ingrowth factor that stimulates the proliferation 
an 3 v ^i f f -erent.iat.ion of B cells, T cells, natural killer 
20 <^)[^eLls :# ...and lymphocyte-activated killer (LAK) cells 

:o iMsYii'^Ss. nf^^ vivo 'i: tlie ^proliferation of these cell types 
i *o SS^?eSr£&t d V B W e .- response . '[ 

d ^>^« cro^ XL-15v binds, .to a heterotrimeric receptor that 

^?#^^^fvt^he. IL-2R/3 subunit, the IL-2Ry subunit, and a 



2 5^mlii^<^^ subunit 

benefit from suppression of the immune 



i^|-d number of circumstances, for example, in 
th^event^ ojf organ transplantation or autoimmune disease 
i ' i : In . ??]^S r 5f ? cumstances , for example when select immune 
30 cells have become malignant or autoaggressive, it is 
beneficial^ to actively destroy them. 
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incorporated radioactivity was determined by 
scintillation counting . 

Figs. 4A-4C are a series of plots depicting the 
expression of IL-15Ror subunits on human PBMCs by flow 
5 cytometry analysis of stained cells. Freshly isolated or 
PHA pre-activated PBMCs were washed and incubated with 
medium alone:- (thin line> or .FLAG-HMK-IL-15 (thick line) 
followed by anti-FLAG biotinylated Ab and Streptavidin- 
RED6,7 0=J.Fig, 4A) . The data presented in Fig. 4B were 
10 obtained; from- washed PBMCsr that were preincubated with 
media, alonev tlef t-handlside); :or media-containing 2 fig of 
human recombinant IL-15 (right-hand^ side)*-: for ~ 20 minutes 
: at 4°C bef oret the^ addict iom of FLAG*- HMK -J[ E> 1 5 . For 

simpl icity p^graphs -represent -specif io&binding of FLAG- 
1.5- HMK-- IL-15:;. non- specific^ binding: was: subtracted'. The data 
- presented in- Fig ^4Gi:wer^Gdbtainedii from? PBMCs that were 
preincubated withr«phycoerythrin, cbn^uga.ted r anti-GD4 or 
anfci>CD8>> for »3>Q minutes . bef ore^the^ addition- of. FLAG- HMK - 

20 Figs. 5A-5C are a series of plotrs generated by 

- > f duorescencei activateds celT^csortingi£(FACS) analysis of 
PHAt act ivatedaEBMGsr stained! with . FLAG-HMK^ II*- 15 proteins 
and £ ant x~CD2S?% ( I L- 2 Ran chaini 1 monoclonal ant ibodies . Fig . 
- ; . 5Al demonstrate^ the? exist enc^af* Usr2&&r cells that do not 

2 5 bind: FLAG^HMffelL- Iff.- ; Fign . 5B demonstrates..' that, almost 

a^^PBMCs^fe^^ express 
^xthe^ or IL-2R0 subunits:^ butt not both. Fig. 5C 

,de^hj3t^rat^a3^ha^^a . larger ^population of IL- 15R<*+ and IL - 
2R#i^ceiIsM&6 3- days following 

3 0 PHAistimul^tiom- ^ - * :aa • . 

Figsfr. are' a setiries-of plot9 generated by 

fluorescence" activated- cell-/ sor^ihg*^ tFAGS ) . To determine 
the- ef f ect^iof immunosupprelssant drugs on: the- mitogen- 
induced expression- of \ IL-15-R&, PBMCs* were preincubated 
35 with cyclosporin -(CsA; ; Fig. ; - 6B) , raparaycin- (RAPA; Fig. 
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Brief Description of the Drawings 
Fig. 1 is a photograph of a Western blot depicting 
the bacterially-produced, affinity-purified FLAG-HMK- IL- 
15 fusion protein. Proteins were separated by 
5 electrophoresis through a 20% SDS-polyacryl amide gel, 
visualized by staining with Coomassie blue (lane a) and 
transferred to PVDF membranes. The membranes were 
exposed to antibodies against the FLAG peptide (lane b) 
and human IL- 15. {lane c) . In lane (d) , eluates from an 

10 anti -FLAG affinity column were incubated with heart 
muscle kinase . and [ 3a P] -7^ATP for 30 minutes before 
electrophoresis^. i - ;r»^ 

Eig. 2: is* an autoradiograph depicting proteins 
that -were extractedafrom>PHA- stimulated PBMCs that were 

15 r incubated:. wdthp ["Fl ^FLAG^HMK-IL-15 , cross-linked with 

DSS , and - separated^ bycSDS * PAGE under reducing condi t ions . 
A- 75-80" kDa^ bandc is/ apparent (lane 1). To: control for 
nonspecific: cross* linking, -replicates were incubated with 
[ i2 P] - FLAG - HMK- IL - 15 in the presence of a molar excess of 

20. -1L-15 (lane) 2) z - 

Fig^.l 3Asr±sr--a^ bar graph? depictings the mitogenic 
response^of- BHA^ stimulated PBMCs, that were stimulated 
with^ either buff err ^alonefe(" none" FLAG .peptide^ (10' 4 M) , 
IL -2(10 v ' m& oif F^AG:-.HMK.-ILrl 5 ( 1 0,: * M) . The ^ cul t ured 
25 ce id sjj were^ pul<sedi5> ttith [ 3 H] -TdR,. and:-the amount of 
- i5#n^r^ wast determined by 

^^f^^^^^St^a 3 B 3 x s u ac ba r . graph depicting the mitogenic 
respond ce&lsr transf ec.ted with pRcCMV 

30 (control; left-hand panel) or with *pRcCMV-IL-2R/!r 

■ (encoding -the wild-type human IL-2R# subunit; right-hand 
panel) and incubate* with: medium, alone ("none"). , media 
containing^ IL^3ub ILn2^t50. U/ml) ,r or FLAG-HMK- 1 L- 15 (10 
ng/ml-) , and pulsed with [ 3 H] -TdR (b) . The cultured cells 
35 werei "pulsed"- with [ 3 H] -TdR, and the amount of 
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exogenously added cytokines. Error bars indicate the 
mean ± standard deviation. 

Fig. 11 is a graph depicting the effect of 
cyclosporin-A on the proliferation of PHA-stimulated 
PBMCs. The cells were incubated with increasing 
concentrations of cyclosporine-A for 15 minutes at 37°C, 
followed by stimulation with IL-2 or IL-15 for 38 hours, 
and a standard proliferation assay was performed. In the 
control experiment, cells were: cultured in media lacking 
exogenously added cytokines-. Error bars indicate the 
mean ± standard deviations 

Fig. 12 is a pair of graphs depicting- the 
proliferative response- of -BAF-BQ3 cells that express the 
wild-type IL-2R/3 subunifc (KC . *.-L--*-fc. the mutant IL-2R0 
15 subunit- that lacks seyine-rich region iSs,»---» . or a 

control- vector (V, — T : he .qeias were incubated with 
IL-2 (upper graph), or IL-*S: tlower^graph), for. 38 hours 
and a standard proliferation asaay,was performed. Error 
bars- indicate the, meai* ±: standard deviation. 
20 pig. 13 is a representation- of, thei wild- type IL-15 

nucleic acid and predicted; amino- acid sequence . 

-Fig. 14 is a representation ofe the- mutant IL-15 
nucleic: acid and predictecfc amino>>.acid sequence . The 
wild- type* codon encodingr.gfcufcaminecat .position- 14 9, CAG , 
25 and the. wild- type codori encodingtglutamine at position 
156 smi have both been* changedr to* GAC , which encodes 
aspartate. (These .positions: (149 and 156) correspond to 
positions 101 and 108-,. respectively, in the mature IL-15 
polypeptide, whicht lacksrat 48,- amino acid signal 

3 0 sequence)-. ' :i - ,!Uiiq 

Fig. 15 is, a.bart gr,aph-depicting the proliferative 

response of BAF-B03 cells* cultured in the, presence of IL- 
15 related polypeptides; .. Abbreviations: WT-BAF-BQ3 
cells transfected;with,pRcCMV:-;IL;-2R0: (encoding the human 
3 5 IL-2R0 subunit) ; V=BAF-B03= ce lis,, trans fee ted. with P RcCMV- 
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SO. or dexamethasone (Dex; Fig. 6D) for 20 minutes 
before the addition of PHA and then cultured for 3 days 
The control, stimulation with PHA only, is shown in Fig 
6A. The level of IL-15R* expression was detected using 
i PLM-HMK-IL-15. anti-FLAG biotinylated Ab, streptavidin- 
RED670, and FACS analysis. 

Fig. 7 is a bar graph depicting the proliferative 
response of human PBMCs that were pre-treated with 
immunosuppressive drugs and PHA and then treated with 
PHA, IL-2 or il-15. Cells were harvested after a 4 hour 
pulse of [ 3 H] -TdR and cell - incorporated radioactivity was 
measured in a scintillation -counter . 

Fig. 8A is a diagram of the protocol used to 
induce' IL-2 and IL-15 responsive PBMCs. 

~- ■ Fig. SB is a graph depicting the proliferative 
response of PBMCs that were pre- stimulated with PHA for 
3 days and then cultured in the presence of IL-2 < A; D , 
or IL-15 (a; ■) f or 2 days,: and then tested for secondary 
response to IL-2 or IL-1S according to the protocol 
illustrated: in Fig. 8M« Arrow indicates that the 
cytokine-was present during secondary, stimulation. Error 
bars- indicate the mean ± standard deviation. 

Fig. 9- is. a line: graph- PHA- stimulated PBMCs were 
incubated with. genistein at various- doses for 15 minutes 
at 37»c followed; by- stimulation with IL-2 or. il-15 for 
38V hours " in a standard proliferation- assay. Control 
Cells were not treated with genistein. Error bars 
indicate the mean ± standard deviation. 

Fig. 10' is. a graph, depicting the effect of 
rapamycin on the proliferation of PHA- stimulated PBMCs 
Cells were incubated with- increasing concentrations of 
rapamycin- for 15- minutes, at 37»c, followed, by stimulation 
with IL-2 (o-.-o) or IL-15 (□—□) . for 38 hours, and a 
standard proliferation assay was performed. m the 
control experiment, cells were- cultured, in media lacking 
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(tracing alone) or with medium containing the FLAG-HMK- 
IL-15 polypeptide (tracing filled in) . The cells were 
then incubated with the biotinylated ant i - FLAG antibody 
and stained with RED670- conjugated streptavidin . The 
5 stained cells were analyzed: by- flow cytometry. 

Detailed Description 
Mutant IL-15* polypeptides can suppress IL-15 
dependent immune* r.esponses3 by- selectively inhibiting the 
activity- ofcxel 1st zthate-'-bi*ndUwa?ld-- type* IL-15. The mutant 

10 can- also be^ used; t*o?-kill; t-heuceilsV to which it binds. 

Accordingly, .the* invent ion:? features a 
substantially? pure^ pQtypeptride? that; is a mutant of wild- 
type IL-1.5,. nucleic; A€*d moleicXile a* that encode this 
polypeptide?, and ceiJrs: -ttia w express the mutant 

15 polypeptide?.. Methojda>nofc .trefaitmerl^ wherein a mutant 

IL-15 polypeptides lis Tadmini&trferedE^to suppress the immune 
response, (for ex ampler iroitrftescevent^of: an autoimmune 
disease) or to kill IL-15 -binding ceils (for example, in 
the event.: of ;, unwanted-: cellular proliferation of 

2 0 IL- 15- binding ^celi:Sj) :are:ial^Boi within the scope of the 
invent ioifc<33&- , ; - > - AH<3 . ^VPl^ n 

- Mutant^ I*L* 1 5.^ Polypeptides ic-;-. 
V v ^^The^ invention features ^ substantially pure 
polypepti|i^- thatr^is- va mutatntfcd f ; wildr type IL-15, and 
2 5 whi.ich* carK function as an-antagonistrrof wild- type IL- 15 . 
Th^;"wild^type IL-15 polypeptide? -referred to herein is a 
polypeptide .that is identica-l toe a naturally-occurring 
IL-15- { inter leukifl^l5.)L polypeptide . IL-15 has been 
characterized , as raaT leel l^cjrowth i factor that stimulates 
30 the proliferation and differentiation of B cells, 
T cells , natural r,ki'ller^ (NK) "cellsy and lymphocyte- 
activated killers (LAKH cell?S3ih vitro. In contrast, a 
"mutant EL- 15 polypeptide t *is a polypeptide that has at 
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0 (plasmid without insert) ; none- incubation of cells in 
medium without added interleukin; DM=incubation of cells 
in medium containing the IL-1S double mutant (FLAG-HMK - 
IL-15-Q149D-Q156D) ; 14 9=incubation of cells in medium 
5 containing the IL-15 single mutant (FLAG-HMK- IL- 15- 
Q149D) . 

Fig. 16 is a bar graph depicting the proliferative 
response of PHA- stimulated human PBMCs cultured in the 
- presence of. IL-15 related proteins-. Abbreviations: 

10-.- WT-BAF-B03 cells transfected with- pRcCMV- IL-2R/3 (encoding 
the human IL-2R/3 subunit) ; V-BAF-B03* cells transfected 
with pRcCMV-o (plasmid without insert^; none=incubation 
of cells- in medium without added' "interleukin ; 
DM= incubation- of cells in medium containing the IL-15 

15 double, mutanf (FLAG-HMK-IL"-15-C;a.4 9jy~C;l56D) y. 

14 9= incubation of' cells 1 - in medium* cbntaicn-ihgS' the IL-15 
single- mutant (FLAG-HMK- IL- 15 -Q149D^: I56=incubat ion of 
cells/ in medium containing the IL»l e S -single^ mutant (FLAG- 
HMK-IL-15-Q156D) . . ~ , ~ 

20 Fig: 17 is a series of plots- demonstrating the 

- ability of the FLAG-HMK- IL-15 doubTe mutant to bind 
PHA-activated human PBMCs. PHA- activated- PBMCs were 
washed and incubated with medium alone (a) or with FLAG- 
HMK- IL-15 double mutanfcfe (b.)._ f ol 1 owedSLb&r arit i - FLAG 
2 5 '. .^H^ ^?X lated ? and streptavidin--RED670?. The stained 
"* -rSf^^ *>y flow cytometry;, ~-lw (c)\ (a) and 

a^e? overlapped ( control=thin 1 ircev "FLAG-HMK- IL-15 - 
: ^ti3b|e rraitant-thick lrne) ( . - - -: 

" Pig- 18 is a series- of plots-* demonstrating the 
30 ability of the wild-type- FLAGrHMK^lEf-l^S> polypeptide to 
bind leukemia cells.. The cells -treated -were from the 
leukemic cell lines MOLT- 14, YT, HuT-102, and. from cell 
lines currently being established :at -Beth Israel Hospital 
(Boston, MA), and designated 2A and-2B:< The cultured 
3 5 cells were washed and incubated- with either medium alone 
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reference polypeptide over its entire length. Of course, 
many other polypeptides will meet the same criteria. 

Sequence identity is typically measured using 
sequence analysis software such as the Sequence Analysis 
5 Software Package of the Genetics Computer Group at the 
University of Wisconsin Biotechnology Center 
(1710 University Avenue, Madison, WI 53705) , with the 
default parameters thereof. 

The mutant polypeptide can be- at least 65%, 
10. preferably at least 80%*, more preferably, at least 90%, 

and most preferably at leasts 95%- (je,.g^ ; ; 99%) identical to 
wild- type IL-15- The mutation cam consist, of a change in 
cl the: numberr or content of aminQ acidcresjidues . For 
■* examples , the mutant IL.-15 camhave a, greater or- a lesser 
— l-B- number of amino, acid, residues thani wil^ typ^ei IL-15 : 

Alternatively,! . or - irv* addition^ fthe: .mutajnt polypeptide can 
contain a* substitution of on^ or^morei ami^nor acid- residues 
that are present! xm the: wlld;-type> JL^5,;i.^,.The^ mutant IL- 
15 polypeptide can dif f er f ront ^ wild- type IL-15: by the 
20 addition, deletion, or substitution ofe/ar single amino 

acid: residue, for example, a^substHitut ion of the residue 
- - at pos it i om 1 5 £ . S i mi 1 a r 1 y ttie-mut ant% pplypept i de can 
■ differs f rom^wiid-type. by a, substit.utiQn: of two. amino acid 

~ s residues, —for*, example, the . residuesx.at- positions 156 and 

25 149 . ~ ForjHexamplevs thei mutant: IL-*5< polypeptide can 
^-V drf fjer^ frofe wild- type IL-15 by the substitution of 

\ / aspartates. f or. glutamine at. residues 156 and 149 (as shown 
[ ; : .;::, 7 - "ixxi^Fi^r^Sf llr- and 15> Add i & Ions *,r . de 1 eta ons and 
" - substitutions of more than two residues*,, and 

30 substitutions* at other positions-; areclikely to produce a 
similarly usefuL (i.e., therapeutically effective) mutant 

IL-15 polypeptides ~ :~~zi 

The-. substituted amino acid? residue: (sr) can be, but 
are: not.- necessarily , conservative substitutions, which 
3 5 typically include substitutions within the following 



BNSDOCID. <WQ 9741232A1 I > 



W ° 97/41232 PCT/US97/W931 



- 9 - 



15 



least one mutation relative to wild-type IL-15 and that 
inhibits any in vivo or in vitro activity that is 
characteristic of wild-type IL-15. 

A mutant IL-15 polypeptide that can be used 
5 according to the present invention will generally blocks 
at least 40%, more preferably at least 70%, and most 
preferably at least 90% of one or more of the activities 
of the wild- type IL-15 molecule. The ability of a mutant 
IL-15 polypeptide to block wild-type IL-15 activity can 
10 be- assessed- by- numerous assays, including the BAF-B03 
cell proliferation assay described herein (in which the 
cells" were* transfected" with a construct encoding IL-2R/3) . 

The. mutant* polypeptides, or the- invention can be- 
referredsrceas exhibiting, a- part icularr percent identity 
to. wildf type* ILvars* When examining the percent identity 
between twfe-polypeptides^ the length- of "the sequences 
comparefct.-wiia? rgen*ra**y be at least- 16* amino acids, 
preferably- at: -least 2 0. amino, acids^more preferably at 
least 25 atftiho «cidisv and* mbst preferably?- at least 35 
2 0 amino"- acidstp - .?t> - . » r . 

Tfie- terms "identity^*- as used herein' in- reference 
to pol-yp"ep«^de^or DNA sequences, refers to- the subunit 
sequence? rdent'iey between; two molecules^- - When a- subunit 
posit ionfcint^bot h" of - the") mbleculWisi-occupied^ by the same 
ntonome^^bwriitJi(ir. ev, thei samet amino acid residue or 
nucieoti^^ then the molecules? arecidentical at that 
P^i^opP?^^ similarity between two. amino- acid or two 
riucieotld| Sequences .is- a direct function; of- the number 
of identicafcpositions.- Thus,- a polypeptide- that is 50% 
identical/.to€a F reference polypeptide:, that is 100 amino 
acids iong.cambe a 50-amino acid polypeptide that is 
completely identical to a 50 amino acid' long portion of 
the reference polypeptide-- If might- also be a 100 amino 
acid long -polypeptide: that' is 50% -identical to the 



25 
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polypeptide; as described further below, native activity 
is not necessary or desired in all cases. 

The Fc region can be "lytic" or "non-lytic . " A 
non-lytic Fc region typically lacks a high affinity Fc 
receptor binding site and a C'lq binding site. The high 
affinity Fc receptor binding site of murine IgG Fc 
includes the Leu residue- at position 235 of IgG Fc. 
Thus, the Fc receptor binding site can be destroyed by 
mutating or deleting Leu 235. For example, substitution 
of Glu for Leu 235 inhibits' the ability of the Fc region 
to bind the high- affinity- Fc receptor. The murine C'lq 
binding site can be-- functional ly^ destroyed by mutating or 
deleting the Glu 318-, Lys 320, and- Lys 322 residues of 
IgG. For example-, substitution^ of- Ala- residues for Glu 
15 318, Lys 320 , and r Lys- 322- renders- IgGl Fc unable to * 

direct ant ibody- dependent complement- lysis-. - In contrast, 
a lytic IgG Fc- region has- a- high- af finity Fc receptor 
binding- site and a- C'-lq-binding- site . The high affinity 
Fc receptor binding* s it e^ -includes the Leu residue at 
20 position 235 of - igG- FcV'-and-^ the J C' iq binding- site 

includes the- Glu -3 MP" Lys 3-2 0 , - and- Lys 322 residues of 
IgGl. Lytic IgG Fc- has Wild- type residues or 
conservative- aminoI r acidi%ubstitutron^ at these- sites. 
Lytic IgG Fc can target cells^ for ^antibody dependent 
25 cellular cytotoxicity or-complement directed cytolysis 
,;;(CDG) . Appropriate mut a t i ons- f or- 1 human IgG are also 
known (seer e.g.v Morrison- ef al . , The Jmrnunologist 
2:119-124 , 1994V and Brekke et- al .v The Inaaunologist 
2:125, 1994)-. 

30 in other instances-, the- chimeric polypeptide may. 

include the mutant IL- 15' polypeptide and a- polypeptide 
that functions as an antigenic tagV such as~ a FLAG 
sequence. FLAG sequences are recognized by biotinylated, 
highly specific, ant i- FLAG antibodies, as described 

35 herein (see also Blanar et al . , Science 2£6:1014, 1992; 
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35 



groups: glycine, alanine.- van™, isoleucine. leucine- 

™ne ^ lySiM ' ar91niM; - Phenylalanine. 

5 The mutations described above can be in the 

carboxy-terminal domain of the cytokine, which is 
believed to bind the IL-2R T subunit It i« .1 = 
that one or more mutations can be wijn / ^7 
binding domain. p 

3 eh, - In *, r ' lated aSPeCt - the in ^"on features a 
chimeric polypeptide that includes a mutant IL-15 

polypeptide and a heterologous polypeptide (i e - a 

polypeptide that is not i t - ls or a mutant thereof, . The 

heterologous polypeptide can increase the circulating 

half-life,of the chimeric polypeptide- in vivo The 

polypeptide that, increases- the- circulating half -life may 

be a serum albumin, such,- as human serum .albumin, or the 

theTrr ° £ aUbClaSS ° £ ««« lacks 

ncluf ^ Chai " VariSble re9i0n - ■■ ^ Fe region may 

rc rec! t ^ a "° n that inhibi " « and 

P= receptor binding, or it may be lytic, i.,e-. . able to 

bind complement or to lyse cells via another mechanism 
such as- antibody-dependent complement., lysis- <ADGC • 

08/35S. 502, filed 12/12/94). 

svnth . T>M T " 9i ° n " ^ 3 """^"y-°c=urri„ 9 or 

synthetic polypeptide that is homologous, to the IgG 

l'^LZ™\ d0maln Pr ° dUCed by <»«•"*<»<<*■ I9G with 

5 0 kDa ~ Tn!' FC r S ' 3 "° leCUlar " ei9ht ° £ W—^Cely 

50 kOa. The polypeptides of the invention can: include 

the ability, to extend the circulating half.life of a 
chimeric polypeptide of which it is a part., m addition. 

ne ; 1171 ~ f "- 9 — t " d FC * variants of 

the wild-type molecule. This is, they can contain 

mutations that may or may not affect the. function of the 
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facilitate purification of bacterially expressed protein, 
or to a hemagglutinin tag to facilitate purification of 
protein expressed in eukaryotic cells. 

The techniques that are required to make mutant 
5 IL-15 polypeptides are routine in the art , and can be 
performed without resort to undue experimentation by 
artisans of ordinary skill. For example, a mutation that 
consists of at substitution of one or more of the amino 
acid residues in IL-15vcan be created, using the 
10 PCR- assisted mutagenesis -.technique described herein for 

the, creationr ot the mutant IL-15 polypeptide in which 

• *- — * 

. giutamine. residues ^a&r. positions 149' and- 156 were changed 
to, aspartriff acid residues; Mutationscthat consists of 
deletions; ociaddit ions rofr amino acid=residues> to an IL-15 
15 Bftlarpepjtide can alsbcbesmade- with- standard- recombinant' 
. r techniquesj. -In the event -of . a deletion -or addition, the 
nuc_leAo .aeid-..mQleGul-ecencodingrIL-15^- is simply digested 
worthr an appropriate restriction endonuclease . The 
resulting' -fragment can, either be -expressed directly, or 
20 manipulated further,; for example, byoligating it to a 

secondu f ragment . Thev ligation; mayrbe-facilitated if the 
. .. two, ends. Ofccthe nucleiCi acid-molecules contain. 
- complementary .. nucleotides that-- overlaps one another, but 
blunfe-endedrf ragments can- also^ be-z ligatedu 
• 25/^ s -^-r ,^a.I^^addition ta generating: mutant polypeptides via 
%Mwre'ssioii|of nucleic acidt molecules that have been 

^l^ter^ biological techniques, 

-V ' 'U^t^ty pbl ypep t i de s» cans ber. chemically synthesized . 
J " cn^ica^^synthesizedcpolypeptides-axe routinely 
.3.0- generatedcbyethose- ofr skill- in- the art?.:- 
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Chimeric polypeptides can be constructs 
-re than conventional molecular biolo 'c^ "° 
which are well within the ability of llosl ^T^" ' 
skill in the art to perform. ordinary 

As used herein, the terms "protein" and 
Polypeptide" both- refer to any chain of amino acid 

rescues regardless of length or post- transit lonal 
modification- n- , ionai 

lon - <e -9' ' glycosylation or phosnhorvi^ • v 
The Proteins*, or polypeptides of tn . Pn ° Sphor y latl on) . 

w ^ -"-ypepciaes of the invention are 

'substantially pure** - meaning th ae thev ar* IT 

^ : byr,weight.. (dry weioht) th* leaSt 60% 

y wei 9 nt > the. polypeptide of interest * „ 

- a. polypeptidec containing the mutant- IL-is IZZ „ ** ' 
IS'-sequence-t-Pwfa^k! w amino acid 

quence Preferably the polypeptide is «, least 75% 

more, preferably: at- least 90% , sn n m . ' 
•3 least-99t k most Preferably at 

least. 99% , , bye weight., - the: polypept ide of interest 

^rit r can, b ecmeasu. r ed,by,an y appropriate standard 

20 Z I—or^ ™^ polya.rylamide gel 
electrophoresis, orrHPLG analysis.:- 

: - Although- the, polypeptide can be naturally 
occurring:; on iss liked v that m« ■, 

DraeHra , w ^ixeiy that the polypeptides' used in the 
practice- of. the. instant invention, wil* be synthetic or 
produced!, by6.express.ion. of--- a recombinant f nCftetlc - °r 
•, recombinant nucleic acid 

'A ^.-'i.'i. ••- : •»* : • >- •' uorivea. rrom eukarvot i <- 

...igSS?"*^"-""^ in «. coii. or other 
P^p-t^p^nd polypeptides that are chemically 

-■™pe*^ lt be s .,ubsca« i aa ly ^ re e Irom ch J r 
na^,^^ components* , ^ che J 



2Sr. 








35 



, * uxie event the 

poiypeptxoe,^ «ch«». it- cambe encod ."V 



below, containing one seouence that encodes ail or part 
of the .utant n- ls . and a second se q uence that encodes 

l"xr 'l" ; 3eC ° nd FM ™- «» -"nt 

« polypeptide My be fuse d to a hexa-histidine ta 9 to 
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techniques. Once the heart is grafted in place and 
warmed to 37°C with Ringer's lactate solution, normal 
sinus rhythm will resume. Function of the transplanted 
heart can be assessed frequently by palpation of 
5 ventricular contractions through the abdominal wall. 
Rejection is defined as the cessation of myocardial 
contractions, which can be confirmed by under anesthesia 
Mutant IL-15 polypeptides would-be considered effective 

in reducing organ rejection if hosts- that received 
10 injections^- for example, of the -mutant IL-15 polypeptide 

experience* longer heart engraftment than the untreated 

hosts . - - : ; - . - ^ - - - 



The effectiveness^of mutant IL--15- polypeptides can 
15 also be assessed following c S --a^n-- graft To perform skin 
grafts: on a rodent,, a donor~anima* is anesthetized and 
the- f ull thickness -skin is removed from- a part of the 
tail. The recipient animal is -also- anesthetized, and a 
graft bed is prepared by^ removing a patch of skin from 
20 the shaved f rank. ■ Generally,' the- patch- is approximately 
0.5 x 0.5 cm*-- The skin- from- the 'donor is shaped to fit 
---the= graft bedr-positioned?.' ; covered w-ith^ gauze, and 

bandaged -The grafts-can be inspected daily beginning on 
the sixth pqst -operative day, and are considered rejected 
2 5 when more than half of: the- transplanted- epithelium 
appears, to be non- viable-.- - Mutant IL-15' polypept ides- 
would be considered effective^ in reducing rejection of 
the skin grafts ir hosts- that' received injections, for 
example,- of the- mutant IL-15^ polypeptide tolerated the 
3a* graft longer than- the- untreated' hosts . - 

T ? -Tf»t Al i^qr^ft Model - 
• DBA/ 2 J islet cell allografts can be transplanted 
xnto rodents, sue* ar 6-8 week -old- IL-4'- and IL-4"' mice 
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Procedures for Screen ing Mnf anr tt.., b 1 1f 

in addition Co testing a candidate mutant IL-15 
Pdypeptxde in the in vitro assays described in the 
examples below, the following procedures can be employed 
to determine whether a mutant IL-15 polypeptide is 
capable of functioning as an antagonist of IL-15 in vivo. 

Transplantati r> P Parari-j gmo 

caoable ^ WheCh ~ • Polypeptide is 

capable of functioning as an immunosuppressant , it can be 
administered, either directly or by genetic therapy, in 
the context of well-established transplantation 

paradigms. 

A putative immunosuppressing polypeptide, or a 
^ nuc eio ^molecule encoding it, could be systemically 
^: or. locally administered by standard means to any 

conventional laboratory animal, such as a rat, mouse, 
*abbit, : guinea pig, or dog, before an allogeneic or 
xenogeneic. skim graft, organ transplant, or cell 
implantation is performed on the animal. strain* of mice 
20 r such as C57B1-W-. B10.B*,, and- BIO .AKM • (Jackson 

Laboratory, Bar, Harbor, ME),,, which have the same genetic 
background- but are mismatched f or.. the. H- 2- locus, are well 
suited for assessing various organ grafts.- . 



2 S^'JS***- 



it ion- 



30 



A- method for performing cardiac grafts by 
anastomose of .the donor- heart, to the- great vessels in 
the abdomen, of the host was, first published by Ono et al 

Thorac,. Cardiovasc. Surg, 57:225,- 1969; see also 
Corry et al . , Transplantation 16_:343, 1973). According 
to this surgical procedure, the aorta of a donor heart is 
anastomosed to the abdominal aorta of the host, and the 
pulmonary artery of the donor heart is anastomosed to the 
adjacent vena- cava using standard microvascular 
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their hybrids. These animals can be crossed in order 
to study particular aspects of the rheumatic disease 
process; progeny of the NZB strain develop severe lupus 
glomerulonephritis when crossed with NZW mice 
(Bielschowsky et al . , Proc. Univ. Otago Med. Sch. .37:9, 
1959; see also Fundamental Immunology, Paul, Ed., Raven 
Press, New. York, NY, 1989). Similarly, a shift to lethal 
nephritis is seen in the progeny of NBZ X SWR matings 
(Data et al..,. Nature 2£2:412, 1976) . The histological 
appearance of renal lesions in SNF 1 mice has been well 
characterized (Eastcott et al . . J. Immunol. 131:2232, 
1983 r see^ also Fundamental Immunology, ' supra) 
Therefore, the general health: of the- animal as well as 
the histological appearance of- renal tissues can be used 
to determine- whether the administration! of a- mutant IL-15 
polypeptide can eff ectively- suppressr the? immune- response 
in an animal model of SLE. ■ - r5; - 

One.of the MRL strains of mice that-develops SLE, 
MRL- lpr/lpr, - also- develops a- form* of arthritis, that 
20 resemblesr. rheumatoid arthritis, in humans. (Theofi lopoulos 
et al.. Adv. Immunol. 37:269, 1985). Alternatively, an 
experimental arthritis can be induced: in rodents by 
- injecting^ratKtype II collagen (2 mg/ml) mixed 1:1 in 
Freund^t s; complete adjuvant ("100- til totals into- the base 
25 ofi-the c^i. a Arthritis develops 2-3- weeks after 

immuniza&&v The ability of nucleic acid, molecules 
encddihg^mutant IL-15 polypeptides to combat the 
arthrrt Recondition can be assessed by targeting the 
nucleic' acid» molecules to T lymphocytes- One way to 
30 target T - lymphocytes is the, following:-- spleen cell 
suspensions are prepared 2-3 days, after the. onset of 
arthnt-rs.< and incubated- with collagen (100 fxg/nil) for 
48" hours> to induce proliferation of collagen-act ivated 
T cells. During this time, the. cells are transduced with 
3 5 a vector encoding the polypeptide- of interest. 



As a 
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rendered diabetic by a single intraperitoneal injection 
of streptozotocin (225 mg/kg; Sigma Chemical Co., st 
Louis, MO), as a control, syngeneic IL-4'- islet cell 
grafts can be transplanted into diabetic IL-4 •'• mice 
islet cell transplantation can be performed by following 
published protocols (for example, see Gotoh et al 
Transplantation 42:387, 1986). Briefly, donor pancreata 
are perfused in situ with type IV collagenase (2 mg/ml • 
Worthington Biochemical Corp., Freehold, NJ) . After a' 
40 minute digestion, period at 37°c, the islets are 
isolated- on- a discontinuous Ficoll gradient 
Subsequently^ 3 00**00 islets, are transplanted under the 
renal capsule^ of, each. recipient , - Allograft function can 
bes followed by: serial, blood glucose, measurements (Accu- 
Check III-;. Boehringer, Mannheim;, Germany) . Primary 
9raf; * ^^^ i^ denned as: a blood glucose level under 
ll.l mmol/1 on day 3 posttransplantation, and graft 
rejection i-sxdef ined.as a rise in blood, glucose exceeding 
16, 5? mmol/1 "tons-each* of: afe- leasts 2 successive days) 
following- .a.. period3b.fi primary graft function. 



i 3 / •' • • 



25: 



30 



: : r Model a?. p.f .j, Aacn tmmune nj 3ea se 

• ' ' : MOdfe * S of autoimmune, disease, provide another means 
to. assess, polypeptide sir in- vivo.. These: models are well 
known .^sXillfedcartisans. and cam be used to determine 
whet*e*:a,^ven,imatant IL-15. polypeptide- is an 
xmm^osuppressant .that would be therapeutically useful in 
- r *^^^ peci£ic - autoi ««^ne disease when delivered 
either "dirrecbiycorjvra genetic therapy., 

> .r. Autoimmune^ diseases that have been modeled in 
animal's includes rheumatic diseases:,, such as rheumatoid 
arthritis andr- systemxcv lupus, erythematosus (SLE) , type I 
diabetes, and. autoimmune diseases of the thyroid, gut 
and central. nervous system. For example, animal ' models 
of SLE include** MREomice , - BXSB mice, and NZB mice and 
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induced by a single injection of brain or spinal cord 
tissue with adjuvant in many different laboratory 
animals, including rodents and primates. This model, 
referred to as experimental allergic encephalomyelites 
(EAE) is T cell mediated. Similarly, experimentally 
induced myasthenia gravis can be produced by a single 
injection- of acetylcholine receptor with adjuvants 

t M Y- Acad Sci. 274:283, 1976). 

(Lennon- et- al . , Ann.. N.K.. Acaa. — a. 

Autoimmune, diseases- of the gut can be modeled in 
IL-2,or~ IL-10 "knock out" mice,, or in mice that receive 
enemas containing bovine serum albumin, 

Mn ^ie Ar^*M"lec" 1 oc Encoding- Mutant IL-15 

The,mu t ant^IL,-15 polypeptide, either alone or as a 
par** o& ^.chimeric -polypeptide, such as those described 
5 above:, -cat* :be obtained by expression of a nucleic acid 
m ol-ecul^x^T-hus^.nucl>eic acid molecules- encoding 
- polypeptpid'e^.contain-ing -a mutant IL-15 are considered 
within t*e scoped theo invent ion. Just as the mutant 
IL-15 polypeptides can be described in terms of their 
>0^ identity,wxrh,wildt-t^^,15 polypeptides, the nucleic 
a cid:moleeule St encoding.them.will. necessarily have a 
cert^in-vdenbity w^h, it hose, that, encode- wild- type IL-15. 
Eor<exampl** ^nucleic acid. molecule encoding a mutant 
IL-15. polypeptide can be. at least 65%, preferably at 
2V ^eas^^i^re- preferably at least 85%,. and most 

^eferaiSat least, 95%- (e.g. , 99%) identical to the 
■ >4icfe^ Scid-. encoding- wild- type IL-15- For nucleic 

- ^id¥-,Sth^lengrhrof the sequences compared will 

- general be, at Ye^ 50 nucleotides, preferably at least 
generany least 75 nucleotides, 

30 60^ nucleotides, > more preferably at least 

and most preferably 110 nucleotides. 

The : nucleicacid molecules of the invention can 
contain- natural ly^curring sequences, or sequences that 
differ- f*om , thbae that occur haturally, but, due to the 
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or. transduced with the "empty" vector th- 
t-h=r> ■ • veccor. The cells are 

The ef7T tn ""- rt «»»~"y <5 x 10' cells/animal, . 

° U 7 9 the di3 " se Wo- during the subsequent 
2 weeks, as described by Chernajovsky et al . (Gen e 

I™ 2 ";! 1 " 735 ' 1995K LeS3er s ™" ms - to 

control .. indicate that the peptide of interest . and the 
nucleic acid molecule encoding, it. function as ar 
10 immunosuppressant potentially useful in the treatment of 

autoimmune disease. 

The ability of a mutant IL-15 polypeptide to 
suppress, the immune response* in the case of Type I 

15 de a T eS ,T be teSted ln thS BB ~t strain, which was 
developed from a commercial, colony of Wistar rats: at the 
Bio-Breeding Laboratories in Ottawa These rats- 
spontaneous ly. develop autoantibodies against islet cells 
and insulin.- just as occurs, with human Type, I: diabetes . 
Aaternatxvely, NOD (non -obese diabetic, mice can be used 
20; as a model system, - ? ~ .- 

Autoimmune^ diseases- of the thyroid have been 
modeled- in, the chicken.. Obese strain (OS): chickens 
cons.stently-develop spontaneous autoimmune thyroiditis 
resembling Hashimoto, « disease. (Cole et al ,. Science 
1^:135.7;.,19£8). Approximately 15% of these birds 
produce^t^ntibodies to . parietal cells of the- stomach, 
3-ust as; inches human counterpart of autoimmune 
thyroidi^ The —^stations, of the disease in OS 
chickens,,, Which could be monitored- in the course of 
30 mutant IL-15 polypeptide treatment,, include body- size 
fat deposit,, serum lipids, cold- sensitivity,, and 
infertility. 

Models of, autoimmune disease in the central 
nervous system (CNS, can be experimentally induced. An 
inflammation of the CNS. which leads to paralysis, can be 
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As described above, the mutant IL-15 polypeptide 
of the invention may exist as a part of a chimeric 
polypeptide. In addition to, or in place of, the 
heterologous polypeptides described above, a nucleic acid 
5 molecule of the invention can contain sequences encoding 
a "marker" or "reporter." Examples of marker or reporter 
genes include £- lactamase, chloramphenicol 
acetyltransf erase" (GAT) , adenosine deaminase (ADA) , 
aminoglycoside phosphotransferase (neo r , G418 r ) , 
10 dihydrofolate reductase (DHFR) , hygromycin-B- 

phosphotransferase* (HPH) , thymidine kinase (TK) , lacZ 
(encoding £-galaetosldase) , and xanthine guanine 
phosphoribosyl transferase (XGPRT) . As with many of the 
standard procedures associated with the practice of the 
15 inventions skilled- artisans will be aware of additional 
' useful reagents^:- for- example-, of additional sequences 
that can serve the function of a marker. or reporter. 

The nuclei^acid molecules of the invention can be 
obtained by introducing a mutation into IL-15 -encoding 
20 DNA obtained from- any biological cell, such as the cell 
of a mammal. ThfcB^F the nucleic acids of the invention 
can be those- of- arouse , rat , guinea pig, cow, sheep, 
horse, pig-,- rabbit , "monkey-> baboon, dog, or cat. 
Preferably,- tfhe>^tfc~leic acid molecules will be those of a 
2 5 human, a :v 

- r> * » i. . - ■ . 

■roducts 




contained within' a vector that is capable of directing 
their expression for example, a cell- that has been - 

30 transduced with"t'tte vector. Accordingly, in addition to 
mutant IL-15 polypeptides, expression vectors containing 
a nucleic acid "maFecule encoding a mutant IL-15 
polypeptide and transfected with these vectors are 

among the preferred embodiments. 
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degeneracy of the genetic code, encode the same 
polypeptide. These nucleic acid molecules can consist of 

° r DNA (for sample, genomic DMA, cDNA , or synthetic 
DNA, such as that produced by phosphoramidite -based 
= synthes.s) , or combinations or modifications of the 
nucleotides within these types of nucleic acids m 
addition, the nucleic acid molecules can be 
double-stranded or single- stranded (i.e., either a sense 
or an ant i sense strand) 

> The nucleic acid molecules of the invention are 

referred to as "isolated" because, they. are separated from 
eithe* the 5' or the, 3' coding, sequence with which they 
are- immediately contiguous in the, naturally occurring 
genome,of an -organism. . Thus, the, nucleic, acid. molecules 
are^not limited, to sequences- that, encode- polypeptides • 
some 2 or all of. the, non- coding., sequence*, that lie upstream 
or d Q wnstream,from a coding sequence -can also be 
included.. Those of ordinary . skill in the art of 
molecular biology are familiar with, routine- procedures 
for.isolating.nucledc acid- molecules.^ They canv. for 
example, be generated- by ; treatment- of genomic, DNA with 
restriction. endonucleases , or- by, performance- of . the 
polyme R ase ?i chain.. reaction, (PCR) >ia<ftv thef event - the 
nucleic- apid.molecule, is, a ribonucleic acid. ( RNA ) , 
mol«ul^s ; can be produced by in vitro transcription. 
^^'^/-■'^ e ^f solated nucleic acid molecules of the 

can /include fragments, not, found as such in the 
■W§?W$!m^ Thua - the ' invention/encompasses 
.recomb^oant .molecules., such as those, in .which-, a- nucleic 
acid, sequence (for, example,- a sequence, encoding, a mutant 

is. incorporated into a vector (for- example a 
plasmid. or viral vector), or into, the genome, of- a. 
heterologous cell, (or the genome^of a homologous- cell at 
a position other, than the natural chromosomal location) 
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(SV40) , and bovine papilloma virus vectors (see, for 
example, Gluzman (Ed.), Eukaryotic Viral Vectors, CSH 
Laboratory Press, Cold Spring Harbor, New York) . 

Prokaryotic or eukaryotic cells that contain and 
5 express a nucleic acid molecule that encodes a mutant IL- 
15 polypeptide are also features of the invention. A 
cell of the invention is a transfected cell, i.e., a cell 
into which a~ nucleic acid molecule, for example a nucleic 
acid molecule? encoding a mutant IL-15 polypeptide, has 

10 been,.: introduced by means of recombinant DNA techniques. 
The progenya ofie. such~ a cell are also considered within the 
scopes ©£ thes invent ion. " The precise components of the 
expression system are not critical.— For example, a 
mutantTlLr-lSr polypeptide^ can be produced in a prokaryotic 

15 hosfci^; such ass'ther bacterium- E. coli-, or in a eukaryotic 
hbst^qsuch< as^ an insect- ce"l*l- (fop example, Sf21 cells) , 
or^mamrnalia^ cells (e.g-.,- COS v cel-isr NIH~ 3T3 cells, or 
HeLa cells^ci^ These- cells are available from many 
sources* - including the American* Type-" Gtilture Collection 

2 0 ( Rookvi 1 1 e , ^ ME» * . In- selecting an expression system, it 
mat t er st onl-y" that the components are- cfompatible with one 
another . Art&sans or ordinary- skiTl^afre able- to make 
such x ^afcXde tormina t ion . Furthermorer-if guidance is 
requ^recfc ^in ^selecting an- expression system,- skilled 

25 ^arfcisaiiS^t^ et alV (Gtfrrent Protocols in 

^^i^li£iBi^ogy\ Johrv Wiley and Soriis, New York, NY, 
?^9^3)^an<3t : l&uwels et al . (Cloning Vec€drs: A Laboratory 
Maiiua^i^X I98S> Suppl . 1987 ) . 

^ ; v^5^The^3^ressed polypeptides can be- purified from 
30 the"? expression-' system using- routine biochemical 

procedures^ and* can^be used as diagnostic tools or as 
therapeutic? agents, as described below. 
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Vectors suitable for use in the present invention 
include T7-based vectors for use in bacteria (see, for 
example, Rosenberg et al . , Gene 56:125, 1987), the pMSXND 
expression vector for use in mammalian cells (Lee and 
5 Nathans, J. Biol. Chem. 263:3521, 1988), and 

baculovirus -derived vectors (for example the expression 
vector P BacPAK9 from Clontech, Palo Alto, CA) for use in 
insect cells. The nucleic acid inserts, which encode the 
polypeptide of interest- in such vectors, can be operably 
10 linked to a promoter, which is selected based on for 

example, the cell type in. which expression is sought 
. For, example, a T7 promoter can be used in bacteria a 

pplyhedrin promoter can be used in insect cells and a 
, cytomegalovirus- or metallothionein: promoter can be used 
15- in mammalian cells. - Also, in- the- case of higher 
^ eukaryotes-,- tissue- specific and cell,, .type-specific 
promoters, are widely- available . Theses promoters are so 
named, for their ability to: direct expression of a nucleic 
: ,:; C f ™le=ule. in- a- given^tissue or cell type within the 
20., body.- Skilled artisans- are well aware of numerous 
...promoters, and other, regulatory elements which can be used 
.•j'sra dixe^ct, expression of nucleic acids _ 

as. a-j-as-t -_ In addition-to ^sequences thatr facilitate 
. ^transcription of, , the, inserted- nucleic acid- molecule 

\^S^f^ 9 ^m- COnt ^ ori 9 ins * of replication, and other 
^W&WBM^ 0 *^* ^^table marker.. For example, the 
•^m^ciruresistarxce (neo<) gene imparts G418 resistance to 
-^mmmtch it is expressed, and thus permits 
F*enotypic f selection : of . the transfected : cells. Those of 
sk-Hl -m^the art can readily determine- whether a given - 
regulatory, element or selectable marker, is suitable for 
use in a particular experimental context. 

Viral vectors that can be used in the invention 
include, for example, retroviral, adenoviral, and 
adeno-associated vectors, herpes virus, simian virus 40 
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polypeptide, including those that are a part of the 
chimeric polypeptides described above. This method may 
be used to treat a patient who is suffering from an 
autoimmune disease, including but not limited to the 
5 following: (1) a rheumatic disease such as rheumatoid 
arthritis, systemic lupus erythematosus, Sjogren's 
syndrome, scleroderma, mixed connective tissue disease, 
dermatomyositis, polymyositis. Reiter's syndrome or 
Behcet's disease (2) type II diabetes (3) an autoimmune 
LO disease of the thyroid, such as Hashimoto's thyroiditis 
- or Graves' Disease (4V an autoimmune disease of the 
central nervous system, such as multiple sclerosis, 
myasthenia gravis, or encephalomyelitis (5) a- variety of 
phemphigus. such as phemphigus vulgaris, phemphigus 
15 vegetans, phemphigus foliaceus, Senear -Usher- syndrome, or 
Brazilian phemphigus, (6). psoriasis, and, (7) inflammatory 
bowel disease (e.g., ulcerative colitis, ore Crohnis 
Disease).. The administration, of the mutant- IL-1S 
polypeptide of the invent ion., may also be useful, in the 
20 treatment of acquired immune deficiency syndrome (AIDS) . 
Similarly, the- method may be used- to treat a, patient who 
has received" a transplant, of biological- materials, such 
as,: an organ, tissue, or- cellc transplant... In- addition, 
• patients: who have- received:. a vascular injury: would 
25. benefit froma this method. 
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T r ^i--ion o f * T.vtic Response 

Through the administration of a lytic form of a 
mutant IL- 15 chimeric polypeptide, it is possible to 
selectively kill:- autoreactive - or "transplant destructive- 
immune cells without massive: destruction of* normal 
T- cells. Accordingly, the invention features- a- method of 
killing autoreactive or "transplant destructive" immune 
cells or any malignant cell that expresses the IL-15 
receptor in vivo. The method, is carried- out by 
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Mutant TT-1S Pol^,H oa < n n 1a ^,„ 
The polypeptide of the invention can be used to 
dxagnose a patient as having a disease amenable to 
treatment with an IL-15 antagonist. According to this 
method, a sample of tissue is obtained from the patient 
and exposed to an antigenically-tagged mutant IL-15 
polypeptide. The sample may be any biological sample 
such as a blood, urine, serum, or plasma sample. m ' 
addition, the sample may be a tissue sample (e.g., biopsy 
10 tissue), or an effusion obtained from a joint (e g 

synovial fluid) , from the abdominal -cavity (e.g., ascites 
fluid), from the chest (e.g., pleural fluid)-,, from the 
central nervous, system (e.g., cerebral spina* fluid) , or 
from the eye (e.g., aqueous. humor)^ The sample, may also 
L5 consist of cultured cells that were, originally, obtained 
from a patient. (e. g, peripheral bloodrmononuclear cells) 
Itns expected that the sample will be obtained from a 
mammal, and preferably, that .. the, mammal will be a human 
patient;. . If, the sample, contains - eel Is that are bound by 
!0 the polypeptide, deacribed U .e: , . ansantigenically-tagged 
mutant IL.15 polypeptide) ; ., it , is.highly likely that they 
would, be. boundo,byo a, mutant, IL-15 . polypeptide in vivo and 
thereby inhibited, from, proliferating, or even, destroyed 
in, vivo. -nThe, present ing? symptomsv of candidate patients 
5 for such testing and the relevant tissues to be sampled 
given- a particular set of symptoms are known to those 
skilled, iri^hjer^ield of immunology^ 
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MpdvAatiQTi Qf^the Tmrmins »» ffmT ~ . 

Also. featured- in the invent ion vis, a method of 
suppressing, the; immune, response- in, a patient by- 
administering; a dosevof- mutant IL-15, that is sufficient 
to competitively bind the IL-15 receptor complex, and 
thereby modulate IL-15 dependent immune responses The 
polypeptide, administered can be a mutant IL-15 
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oral administration. It is expected that the intravenous 
route will be preferred for the administration of mutant 
IL-15 polypeptides. The subcutaneous route may also be 
used frequently as the subcutaneous tissue provides a 
5 stable environment for the polypeptide, from which it can 
be slowly released. 

The polypeptides of the invention are less likely 
to be immunogenic than many therapeutic polypeptides 
because they can differ from. a wild-type polypeptide by 
10 only a few: amino acid residues-.- In addition, the mutant 
IL-15 polypeptides are targeted -to cells that express 
abundant: receptors to which they can bind with high 

affinity . — " - - : " 

I t~ is; well known' in- the medical arts that dosages 
15 for any one -patient depend on many factors, including the 
general' health,: sex, weight 1 , body surface area, and age 
of: the: pa&ienwas well^as vthe -particular compound to be 
administered? :the time* and- r route of administration, and 
other drugs* being~adMfiistei?Gd-G©ncurrently . Dosages for 
2 0 the polypeptide of the 'invention- will vary, but can, when 
administered intravenousiyy'be^given in doses of 
approxi r mfftW^®0 . 0 1 mg~ 1 6- 1 00 ^ mgVml blood- volume . A 
dosage* caii^lN^administerSd-one^or more times per day, if 
necessary ?c a ftd^§reatmeM Ccan 2 6e - continued for prolonged 
25 peri<^S;voj^fime/ up= to- and^^hcLuding the lifetime of the 
^^ie^'^^^tTBatet^^ I f r< V poflrSpept ide~ of the invention 
is^ admiri^rt^fSd T subcutaneous ly9" the dosage can be 
reduced V anci/ or the polypeptide can be administered less 
f requentlsy^ Determination' of -correct dosage for a given 
30 application^ is well within- the^abilities- of one of 
ordinary- ski 11 in the^ art of- pharmacology . 
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administering to a patient an amount of mutant IL-15 
linked to a polypeptide that is sufficient to activate 
the complement system, lyse cells by the ADCC mechanism 
or otherwise kill cells expressing the wild- type IL-15 
receptor complex. This method can be used to treat 
patients who have IL-15R* leukemia, lymphoma, or other 
IL-15R;. malignant diseases, such as colon cancer. 

Formulations, for Use and Po,^o S of n 

- in- therapeutic applications, the polypeptide may 
1.0„ be administered with a physiologically-acceptable 

• carrier, such -as physiological saline.-... The therapeutic 
compositions of the invention can also contain a carrier 
^saob or, exoa : pi_en^ many ofr which are known., to skilled 
i --^artisans.-,- Excipienta which can f be .used include buffers 
. ^JS^for^exampIe^citratie buffer, phosphate buffer, acetate 
. ^ -.feu^l©^ *nd.bicarfcon*fce*buffe») ei.aroin©.acida» urea, 
~* alcohols* ascorbic -acid ^.phospholipids,,- proteins (for 
-,- ^.^example^serum. albumin*., EDTA-* sodium chloride. 
, ,.lippsomes e .,mannitol, sorbitol, and^glycerol . The- 
20 polypeptides of .the, invent ion.can- be formulated in 

* vari ?^vwaysi .according, to the corresponding route of 
Y^a^n*a*rati©ifc, For n example,?. .. liqja*da,solutions can be 
-,^ n .3 .made, forb^nges.tion^or, inject ion* „ gels^or powders, can be 
: i- ^-^%IPn^f5?^ io ^>- - *9h*^atioa-.; U or^Qpi C al application. 
'^^^?^^t^^ i ^ 8u « :hi «ormulationa r are well, known and 

for example, "Remington's Pharmaceutical 

•v^i^-i^'^ also well known to 

- skill eci pharmacologists.- and. physicians.- and include 
3 0 intraperitonea^.in^ramuscular T subcutaneous, and 

intravenous administration. Additional routes include 
intracranial (e.g., intracisternal or intraventricular), 
intraorbital, opthalmic, intracapsular, intraspinal, 
intraperitoneal, transmucosal , topical, subcutaneous, and 
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covalently bound to the 18 amino acid FLAG - HMK - sequence 
(FLAG-HMK - IL - 15 ) . FLAG sequences are recognized by 
biotinylated, highly specific anti-FLAG antibodies 
(Blanar et ai . , Science 256 :1014, 1992); LeClair et al . , 
5 Proc. Natl. Acad. Sci. USA .89:8145,1992) while HMK (Heart 
Muscle Kinase recognition site) sequences allow 
introduction of radioactive label [ 32 P] into the molecule 
(Blanar ; et al . , supra, LeClair et al., supra). 

For the construction of the plasmid FLAG-HMK- IL- 
10 15, a 322 bp cDNA fragment encoding mature IL-15 protein 
was amplified 1 by PCR utilizing synthetic oligonucleotides 
['sense 5 4 -' -G GAATTCA ACTGGGTGAATGTAATA- 3 ' (SEQ ID NO:l; 
- w EcoRI L si^-e (underlined) plus- bases 14 5-162); antisense 

5 ' - CGGGATGGTGAAGAAGTGTTGATGAA - 3 : ' (SEQ ID NO: 2; BamHI site 
i5^-tunderl-ined] J plus bases 472-489) ] f The template DNA was 
:., obtained from PHft- activated human PBMCs » The PCR product 
was' purifTed> : digested 1 with EcoJ^I and BamHIV and cloned 

- -into -the pAR ( DR 1) 59/60 p la smi : d ^dige s t ed with EcoRI- BamHI 

aS ' described* (Blanar et alrf -Science 256:1014, 1992; 
20 LeClair et al.-, Proc: Natl: Acad: Sci. USA 89:8145, 
v^-,_ : 1992)*. The backbone of the pAR (DRI ) 59/60 plasmid 

contairis'-in^f rame - sequences encoding the FLAG' and HMK 
. ^recog#i^on 3 fep€ide- sequences- (Blanar et* al'?. Science 

- ~ 256 : IO^V-^992^ LeClair 1 et al f r Proc. Natl / Acad. Sci . 
.^?25^ -USA £2:8145^1992^ 

H ;) -^y^^&^} Rxt^esaion and Purification of FLAG-HMK- IL- 15 

"■" < .-' '^$^Th^- 1 L- 15 -related fusion construct, FLAG-HMK- IL- 

15, was expressed in BL-21 strain E. coli and affinity 
30 - purif ied with anti-ELAG coated beads as described (Blanar 
et al-, v_ Science, 2££ :1014 k 1992 ; LeClair et al . , Proc. 
Natl. Acad. Sci. USA 89 : 814,5 , 1992). The fusion protein 
was- eluted from affinity columns after extensive washing 
-, with. 0.1 M- glycine- (pH- 3.0) .. The eluate containing FLAG- 
35 HMK- IL-15 was dialyzed against a buffer containing 50 mM 
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EXAMPLRK 

Reagents 

The following reagents were used i n the studies 
described herein: recombinant human IL-2 was obtained 
> from Hoffman-La Roche (Nutley, NJ) ; rapamycin was 
obtained from Wyeth-Ayerst (Princeton, NJ) • 
cyclosporine-A (CsA) was obtained from Sandoz (East 
Hanover. NJ); RPMI-1640 and fetal calf serum (PCS) were 
obtained from BioWittaker ( Walker svi 1 le . MD) ; penicillin 
. streptomycin. G418. and strepavidin-RED670 were obtained' 
from Gibco-BRL (Gaithersburg, MD) ; dexamethasone, PHA 
isozyme, Nonide* P-40, NaCl , HEPES ,i and PMSF were ' 
obtained from Sigma (St. Louis, MO)^ Ficoll.-Hypaque was 
obtained from Pharmacia, Biotech ._ (Uppsala, Sweden); 
recombinant human IL-15 and anti-human IL-15 Ab were- 
obtained from PeproTech (Rocky Hill, NJ) ; anti-FLAG Ab 
and anti-FLAG-affinity beads were obtained from . 
International Biotechnologies. Inc, : -(Kodak, New, Haven 
CT); P RcCMV ; was. obtained from InVitrogen Corporation (San 
Diego, CA* ; genistein was obtained from ICN Biomedicals 
(Irvine. GA) , disuceinimidyl suberate (DSS) was obtained 
from.Pierge^Rockford, IL)., restriction endonucleases 
were obtained from New England Biolabs - ( Beverly,. MA); 
f 3 H]T^R was L obtained from New England Nuclear- (Boston, 
MA) ; and ..&?rescent dye conjugated antibodies CD25-PE' 
CDlCP^^ys-pE, CD122-PE, CD4-FITC. CD8-FITC, IgGl-PE 
°* ^re o btained from Beckton/Dickinson (San 

Jose^CA^. - FLAG peptide was, synthesized . in the Peptide 
Synthesis^ Facility at Harvard Medical- School. 

Production of fiag-hmi C ..t Ii . 15 p,,^^ Pynt .^„ 
To study the cellular pattern of human IL-15 
receptor expression, a plasmid that could be used to 
express an IL-15 fusion- protein was constructed. The 
plasmid encodes an IL-15 polypeptide having an N-terminus 
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For studies involving rapamycin or genistein, 
human PBMCs (4 x 10 s /well) were plated in U-bottomed 96- 
well tissue culture plates (NUNC; Naperville, ID with 
rapamycin (10 ng/ml) , genistein (10 M9/nil) or media 
5 alone, and cultured for 3 days at 3 7°c and 5% C0 2 . Cell 
viability was tested utilizing the standard trypan blue 
exclusion method (Current Protocols in Immunology, Vol. 
3, ed. R. Coico, New York: John Wiley & Sons, 1995) . 

BAF-BQ3 Cells 

10 The BAF-B03 cell line is an IL- 3 -dependent , murine 

pro-B cell line., A BAF-B03 cell line that, was pre- 
selected for high, expression of the IL-2Ra subunit was 

kindly provided by T. Taniguchi (Osaka,. Japan ; Hatakeyama 

. etc. al . 1989, Cell 59:837) . BAF-BOl cells were 
_15 T transf ected with vector control (pRcCMV-Oh :or cDNA 
encoding^ the human IL-2Rj3 subunit cloned into -pRcCMV 
(pRcCMV- IL-2R/3) , ^by electroporation at 3-50srVolts and 
50 0- /xFarads- using 20 ^9 of Seal linearized* plasmid. 
. . Trans,f ec ; te,d cells were selected in the>presence of 1 
20 mg/ml G4vlft and tested, for the expression of the IL-2R/3 

subunit by fluorescence activated cell sorting (FACS) 
- analyses as a deseribed (Maslinski et al.,, -In eu. -Immunol . 
4:509, 1992; Hataleyama et al.., Cell 5£*837£ 1989). 

BAF-B03 cells were maintained at 37°C with 5% C0 2 
25 . ifh: RFMTI-1640' medium supplemented witte 10% FCS , penicillin 
(^US^/fnl^n streptomycin (0.5 jzg/ml)-,. and 5% (V/V) IL-3 
* rich WEHlH cell supernatant (Hatakeyama et al • , Cell 
59 : 83:7 ,-1989) " 

._ To* test mutant polypeptides,, a- cytotoxic 
. 30* T lymphocyte cell, line, CTLL-2, can also be used. This 
cell linet is^ available from 1 the American Type Culture 
Collection (12301 Parklawn Drive, Rockville? MD 20852- 
1776) . 
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Tris (pH 7.4) and 0.1 M NaCl for 18 hours at 4°C, 
filtered through a 0.2 Mm membrane, and stored at -2 0°C. 

Analysis of P^ftG-HMK-TT. -ls Fusion Protein 
The authenticity of FLAG-HMK-IL-15 fusion protein 
5 was confirmed as follows. The proteins present in 

eluates from the affinity column were separated by SDS- 
PAGE, transferred to PVDF membranes, and stained with 
Coomassie blue (Fig. 1, lane a). The presence of FLAG 
sequences was specifically examined using anti-FLAG Ab 
10 (Fig,, t f lane b) , and the presence of hIL-15 sequences 
wasr specifically examined using anti-hIL-15 Ab (Fig. 1, 
lane-.c ):.'.- A IS JcDa protein, whose mass corresponds to the 
expected size of FLAG-HMK-IL-15' protein, was identified 
in- each of these analyses. To confirm that the fusion 
15- protein contains the HMK recognition site, eluates from 
thecaff ini-ty column "were -'incubated "in- the presence of 
enzymat really active HMK- and radioactive [ J2 P] --y-ATP, 
f oiaowed-byiiseparation of Pprdteins - by SDS-PAGE. 
Autoradiography again identified a- single radiolabeled 15 
20 kDarband^thatseca*migrates?wifen^the FLAG-HMK-IL-15 (Fig. 
"1, lanetd) . Thus, the 15- kDa protein contains all three 
../elements of^the designed*' fusion -protein: FLAG sequence, 
HMK sequence arid hIL-15 sequencer • 

.t^;;', C^lxgnlfeur*.-. - - •• • •- _ I 
2 5 0 ^,^C.l^%^jitithan: PBMCs >a - :.' 

.^5^V|5^"/Huinaw peripheral bloods mononuclear cells (PBMCs) 
~ ^^^P^^ 1 ^^ from leukophoresis preparations from 
healthy donors and isolated by Ficoll -Hypaque density 
gradient, centrifugat ion according to standard protocols. 
3 0 . ^t PBMCs were maintained at 37 °C in- an atmosphere 
containing 5%-C0 2 in RPMI-1640> medium supplemented with 
10% FCS, penicillin (0.5 U/ml) , and. streptomycin (0.5 
Mg/ml) . 
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subunits, and which, therefore, proliferate in response 
to exogenously added human IL-2 or IL-15 {Giri et al . , 
EMBO J. 12:2822, 1994). Cells were washed twice to 
remove the medium containing the growth factor IL-3, and 
5 starved for 16 hours in RPMI-164 0 medium supplemented 
with 10% FCS, penicillin (0.5 U/ml) , and streptomycin 
(0.-5 -M^Vml)- Cells were then plated at 2 x 10 4 
cells/weir, .stimulated with FLAG-HMK- IL-15 , and cultured 
for^ 72- hours at. 37°C intan atmosphere containing 5% C0 2 . 
10 Thiss wa^ followed by a 14 -hour "pulse" with 1 ^Ci of [ 3 H] 
TdR. The BAF-B03 cells were then harvested and cell- 
associated radioactivity was measured by scintillation 
counting -as described above- 



0 2 



_ ^ ra-str rT-Qss- linking- Activated PBMCs Cultured with 

15 v . %r>A FIAQ-HMK - XL- 1 S*~ . . 

After 72 hour sr in culture, PHA-activated PBMCs 
were -washed twice in, cold^phosphate -buffered saline 
(PBS-l-i and-. 10 7 cells/ml were inciibated for 30 minutes at 
4°C -in 40.Q, /il of RMPI-1640 medium, supplemented with 25 mM 
20 HEP^-jjtpH :T.,4.) , 10% FGS^penicilliru (0 .5 U/ml) , and 

streptomycin - ( 0 . 5 Mg/ml ) ~i Supplemented RPMI - 1640 medium 
( 2 Q Sf ^^cqnt ain-ina -J* j*a ^.9# ..Eseombinant human IL-15 as a 
control for^non-speei£iG 3 binding,or medium, alone was then 
addedmand:>the incubation was continued for 15 minutes 
25y;bfe&r6i£(Cil of medium containing ("P] -labeled FLAG-HMK- 
■Jl^^l^ng, SO.OvOOO cpm)s was added to each sample, 
^^xfiiither incubation- for. 1 hour at 4"C, the cells 
we^^shld. with- PBS and resuspended in 250- /xl °f PBS - 
Di-suGeinimidyl suberate- (PPS>- 1 mM*, a cross -linker, was 
30 added,- and. cross -linking r was ; performed as described by 
TsudQ et^al . ( Proc. - Na ti.. « Acad. : Sci . USA 82, : 96 94 , 1986). 
The cross r linked cells were collected, by centrif ugation, 
washed^ solubilized with, extraction- buff er (2% Nonidet P- 
40 .,-0.14 M. NaCl , 2 5 mM HEPES (pH 7.4)", 1 mM phenyl- 
35 methylsulfonyl fluoride) and centrif uged. Proteins 
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Cellular- Pr^ Uferafipn Afiflaya 
Human PR|MC « 

Peripheral blood mononuclear cells (l x lOVml) 
were stimulated with PHA (2 M g/ml) for 72 hours at 37-c 
in RPMI-1640 medium supplemented with 10% FCS, 
penicillin, and streptomycin, as described above 
investigate the effect of immunosuppressive drugs 
alxquots of cells, do* PBMCs/ml) were preincubated with 
cyclosporin-*. (CsA; 150 ng/ml), rapamycin. (5 ng/ml) . or 
la dexamethasone (0.1 mg/ml) for 20. minutes before the 
addition- of PHA. 



To 



In- some experiments, cells, prepared, as described 
above were washed after 72 hours -in culture,, plated in 
U-bottomed 96-well tissue culture plates at 2 x 10* PBMCs 
Jfflfjfflfli. (NUNC, Naperville,. iL^and. then- re- stimulated 
wxth one of the following reagent^ PHA*^ „ g/ml) , FLAG 
-pe^de^- M ), IL-2 (100 U/mlTi or FLAG-HMK-IL-15 (100 
*rvimi1*-fZii 72 hours. Cells were pulsed- for 4 hours 
Mb** w of [-HjTdR (New England- Nuclear; Boston MA) 
20 -harvested onto Whatman 934-AH^as* microflber filters ' 

» and hypotonlcaa-ly. lysed using a PHD Cell Harvester 
— (Cimbifi^^.TfefehnolSgy: Inc., Cambridge^ MAP • Cell 

-associated W-TdR was measured -using- ^ Beckmam LS 2800 
^^vs^intll^a-cion counter (Beckman?' -Pullertori CA)'~- 
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d€ipendent BAF-B03 cel^ which- constitutively 
v^^^as/^h^iL-2R> subunit, were- transacted With a 
K.^ro^cCMv3 construct (pRcCMv-0)' - or- a pRcCMV construct 
Goh.tati W g .cDNA- encoding the^ full^ length human IL-2R/J 
subun*t -ancf the^n^ gene- (pRc€MV^ 2R ^V- G418-: resistant 
cteW then: selected, Cells* that- were selected in 
thxs;-wy were-- used to test the- biological activity of 
FLAG-HM^iL-iSV This- strategy- has, been used- to identify 
Ce * 1S tranSfSCted ' With CDNA coding- full-length IL-2R/J 



9741232A1 J > 



WO 97/41232 



PCT/US97/06931 



- 36 - 



molecular weight of FLAG-HMK- IL- 15 (15 kDa) and Che human 
IL-15Rcr subunit (60-65 kDa; Fig. 2, lane 1) . The 
identity of this band as the IL-15Ro subunit was 
confirmed by cross -linking experiments conducted in the 
5 presence of a molar excess of hIL-15. Under these 

conditions, we failed to detect the radiolabeled 15 kDa 
band (Fig. 2, lane 2). Thus, the conformation of [ 32 P] - 
FLAG-HMK- IL- 15 fusion proteins allows site specific 
binding to the 60-65 kDa* IL-15Ra subunit expressed on the 
10 surface of mitogen- activated PBMCs. 

FT.ACS-HMK- IL - 15 is a- Bio logically Active Growth 
Fyetor that R emiires Expression of IL-2R0 

In the next series of experiments , the FLAG-HMK- 
IL-15 fusion protein was tested in order, to*. determine 
15 wheter it. could function as a biologically, active growth 
factor. PHA- activated human PBMCs proliferate, in 
response to either FLAG-HMK- IL- 15 or human recombinant 
IL-2, as detected via the l 3 H] -TdR incorporation assay 
described above. A FLAG peptide lacking, the IL-15 
20 sequence does not stimulate cell proliferation (Fig. 3a) . 
As does IL-2,. the FLAG-HMK- IL-15 fusion- protein 
stimulates proliferation of lL-2RrBAF-B03 cell 
transfectants that, express the I WRfr\ gubunit (Fig. 3b, 
rji^Mhand panel) . The" FLAG-HMK.- IL : 15. fusion protein 
25 doescriot;. however, stimulate the proliferation of 
parental BAF-B03 cells that were transfected with a 
i^t^ lacking IL-2R0. chain sequences , (Fig . 3b,. left-hand 
"pahjt'y^" Thus, FLAG-HMK- IL- 15 is a biologically active 
growth factor that requires express ion,,, of IL-2R0 chains 
30 upon. target cells in order to stimulate cellular 
proliferation. 
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Present m the supernatants of these cell l ysat e S were 
separated by 8% SDS-PAGE under reducing conditions An 
autoradiogram was developed from the dry gel after 
exposure at -70°C overnight. 

tell Staining for- fi QW nyr^T*^ 
Resting or PHA-activated PBMCs (3 x 10 5 
cells/tube) were washed twice with ice-cold PBS/0 02% 
sodium azide and incubated in medium containing FLAG-HMK 
IL-15 (0^1 M9/100 ,1) or , as a control> ±n ^.^ 
The incubation was carried out on ice for 30 minutes 
The cells were then washed with PBS-.and incubated for 2 
sequential- 30- minute periods at 4*C- with biotin- 
conjugated anti-FLAG monoclonal antibody (0.5 Mg/100 »1) 
and- stre P tavidin-RED670 (0.5 Mg /i 0 (, m1) . The cells Wfire 
then counterstained with CD25-PE, CDI^-PE", CDis-PE 

ZTe?^'' FITC ' ° r CD8 " FITC ' Addition 
11 l*Z I ^ I9G1 - PITC ^ -dderf to cell populations 
that had-not been- incubated with^any of the 
af orement^ned reagents^ in order to' ^encify non-specific 
bindxng. - Cel-1- surface phenotype was' ; analyzed using 
FACScan ^/Dickinson, CA, and Cell Quest software. 

FftA^tfflK^TT.Ms blndw the H,.i^- a „K., nir 
The| purified FLAG-HMK-IL-15 fusion protein was 



25 



30 



^^f ^^^ine whether- it interacts with cell 
surfavreT ife^ receptors. As described above, [» P , _ FLAG _ 
^It-is^. was added to cultures- of PBMCs that were 
activated by-a mitogen. PHAv In order to permanently 
bind interactive proteins- to one another, the chemical 
cross -linker disuccinimidyl suberate (DSS) was added 
The cells were washed, lysed. centrifuged, and 
detergent -soluble proteins were separated by SDS-PAGE 
Autoradiography of SDS-PAGE separated proteins revealed a 
single 75-80 kDa band corresponding to the combined 
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positive) were noted (Fig. 5B) . Interestingly, there are 
IL-2R/3* cells that fail to bind IL-15 (Fig. 5B) . 
Therefore, expression of IL-2R/3 chains is not sufficient 

for IL-15 binding. 

Taken together, these data indicate that IL-15 can 

bind IL-15Rcr, IL-2Ra', IL-2R/3 cells. A similar 

conclusion was reached through experimentation that 

probed the interaction of IL-15 with IL-2Ra , 0" cells 
transfected with IL-15Ror subunit (Anderson et al . , J. 

Biol. Chem. 220:29862, 1995; Giri et al . , EMBO J. 

14 : 3654/ 1995) . 

"In addition to the requirement for IL-15Ra subunit 
expreasion," the IL-2Rj3 and IL-2R 7 subunits are required 
to renker "cells sensitive to IL-15 triggered growth (Fig. 
3, see also Fig. 5) . _ 
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Subunit- 

The effects of several immunosuppressive drugs on 
PHA- induced expression: of IL-15RC* by PBMCs were also 
studied. The drugs tested were cyclosporine-A (CsA) , 
rapamy^j^^d^dex.amethasone._ The addition of CsA to 
PBMCs cultured with PHA resulted in a 20% reduction in 
the' expression-' of IL-2Ra, but - rL-l5Ro was unaffected 
(FigV sf^THe addition of rapamycin actually resulted in 
enhinlSSl|l5Ra-expression-(Fig 6C) . In contrast to the 
effect^e^CsA and rapamycirr, dexamethasone powerfully 
blocKed^the^expression of IL-15Ra chains on mitogen 
activated PBMCs (Fig. 6D) . In accordance with these 
data." PHA-activated; dexamethasone-treated cells 
prol if erated : poorly in response' to IL-15, while the 
response to^IL-2 was not inhibited by dexamethasone (Fig. 
7) . in this experiment; PMBCs were cultured in the 
presence of PHA and" various" immuno- suppressive drugs, and 
then washed and cultured further in the presence of 
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^ir^rZ^Z Z^' «»■ — "r, r -tr , r 

«-r. either freshly isolated or PItt . ictivMld . 

cells were washed and incubated with .in,., 
or FLAG-HMK Tt , = « , , either medium alone 

rwuj HMKNIL-15 followed by anti riap k> 

and streptavidi„- RE n S70 . rZ stlneT f °" nyl " ed **> 
by flow cytometry (Fig 4 J ppmc^ 
with PHA expressed Z. XS^ proteL 

nr.*- r u P^oceins but resting PBMCs did 

not. I„ keeping with the result of the cross-U„ Wn ° 

-T ribed abOVS ,Fi9 - «--bi-dln B „ ^o- 

™" ~~ ?::: v -: d M ***** . — 



excess of nws , Fig . 4B) , thereby demonstrating the 
specificity of EMo-mr-n.^ bi £or IL . 15 n ^° 

- S^S^^ - express Twl 

chains (Fig. 4o. Activation induct™ i^I * 






- sv 



--3:-isn.o FA C^ analysis, of PHA-activate& PBMCa staina H 
FLAg-hmv tt i c i -;??r-™V s> stained with 

v^^JHTO*?**^ proteins and anti-cn 2 q M , K 
• T^'^fe^t^ r -*i" t . ' M[1 MTC^Mab,. against the 

^^*|?«,v.subu»x t „ •, reveal s eel 1 Don. n a i- < ~„ 

I^I^I^t^V "™ ' Populations expressing both 

v^B^* 1 ?* IL -2Rcr subunits, as well a* «n 
t^e^^i^'^-lu wei A. a s-cell populations 

ac-^xpress^ither subunit,. but not .both (Fig. 5A) . 



30 



35 



^ for l T OSC " U ^ th "-««?:s"-lated with 
PHA for only one day express either,IL ; ISRa or 

davs'f oil" ■ n ° C ' ^ Pr0 " ina '«'•>«"• I» contrast. 3 
days f oil owing PHA sti-iation. a far. larger populate 

of il- 15Ro , ... a-a, ceUs (double positive) 

S maUer : po P ulation of IL- 15Ra .. 1L . 2Rg . cells £ r 
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results, in conjunction with the data showing 
Cs A -independent induction of IL-15 gene expression, 
suggest that CsA may not block IL-15 triggered immune 
responses. On the contrary, efficiently blocking the 
5 induction of the IL-15Rof subunit with dexamethasone may 
be very helpful in preventing IL-15 induced cellular 
prol i f erat ion . 

In summary, the experiments presented above have 
demonstrated that: (i) IL-15R<* subunits are rapidly 

10' expressed by activated macrophages, T cells, and 

NK~ cells, and^ (ii) induction of the IL-15Ra subunit is 
blocked by dexamethasone but not by CsA or rapamycin. In 
addition, the experiments have- confirmed that the IL-15Rcr 
subunit is necessary and sufficient for IL-15 binding and 

IS- that" the- FLAG-HMK- IL-15 fusion protein is an extremely 
useful- tool for* studying- IL—15* receptors. 

* A COMPARATIVE ANALYSIS OF THE IL-2 AND IL-15 
: SIGNALLING PATHWAYS 

In this series of experiments, the intracellular 

2 0 signal! ing 5 pathway that is initiated when IL-2 binds to 

the *~ IL^2Ror, -ft**- rX receptor complex was compared to the 

pathway^ initiated when IL-1.5 binds to the -receptor 

complex composed. ofi-IL- 15Ra, ; IL-2R#, and IL-2RY. 

^ The .methods, in addition to those described above, 

2 5- required" to ^pjerf orm -these experiments follow. 

,.: ■ - . ■ 

^Mj^f:£ Gel l£ Culture . Cell Lvsis and Protein- 
Immunoblbtt inq 

Fresh- human- PBMCs were isolated as described above 
andcculturedrin RPMI-1640 medium supplemented with 
30 l-OArrECS, penicillin,, and streptomycin (also as above) . 
To achieve activation by a mitogen, PHA (10 /xg/ml) was 
added to the culture for 3 days, PHA- stimulated PBMCs 
were .washed 3 times with PBS, cultured for 14 hours in 
RPMI-1640 medium containing 10% FCS, penicillin, and 
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medium alone ("none"), PHA, IL-2, or IL-15 for 2 days 
before a [ 3 H] -TdR pulse. The potent response of 
PHA-activated, dexamethasone- treated PBMCs to IL-2 proves 
that the ability of dexamethasone to inhibit the 
proliferative response to IL-15 is not due to a 
non-specific toxic effect. 

The studies described above used FLAG-HMK- IL-15 
and flow cytometry analysis to determine whether resting 
and mitogen-activated PBMCs express the IL-iSRa subunit. 
The IL-lSRa subunit is rapidly expressed by activated but 
not resting lymphocytes, NK-cells, and macrophages (Fig. 



4) . 



These studies have also, shown -that the induction 
of IL-15Ra by mitogen is sensitive, to, an 
15 immunosuppressant.: PBMCs pre-treated with, dexamethasone 
and stirr.ulated.with PHA dp, not express- IL-lSRa- as 
vigorously as cells that were not pre-treated with 
de * amet * as ?™^iSj_. 6) • S^arljurJRBMCj pre-treated 
with dexamethasone do not pro! i-ftrat^ils robustly in 
20 response to exogenous ly added IL^is (Figr 7). The cells 
do respond paftial'Jy to IL-15- . This^r reflect that 
fact that • IB- l-SRat^is- expressed within 2*^ hours of 
dexamethasone withdrawal, QsK, a* p~otehtf inhibitor of IL- 
2 and I L-2Ror expression (Far rar- et?^R' ; : J. Biol. Chem. 
25 lM:12562t l-98^),.is ineffective- in preventing the 

mitogen- induce^r expression of the I-L:- lSRcr- chain- (Fig. 6) . 
There was a slight reduction in the proliferative 
response tbi exogenous ly addedi IL*15-,among cells pre- 
treated with CsA for 72 hours (Fig.-_a,£ f : however" this 
3 0 reduction mays be' due to inhibition 1 - of «'any number of 
events- in the* CsA- sensitive, Ca^ -dependent pathway of 
T cell activation. Since the- same modest reduction in 
cell proliferation- was observed in -response to IL-2, CsA 
may- exert certain - long lasting- effects by blocking 
35 signaling pathway(s) shared by IL-2 and IL-15. These 
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propagates cells that are equally sensitive to further 
stimulation with either cytokine. Hence, according to 
the scheme shown in Fig. 8A, stimulation of 
mitogen-activated PBMCs with IL-2 or IL-15 does not 
5 select for a bulk cell population that then responds only 
to IL-2 or only to IL-15. 

Further experiments were carried out using T cells 
pre-stimulated with PHA for 3 days followed by 
stimulation with IL-2 for- 2 days. IL-2 stimulated cell 
10 proliferation is a protein tyrosine kinase dependent 

event (Maslinski et al . J. Biol. Chem. 267:15281, 1992); 
Remillard et al . , J. Biol : Chem: 2££:14 I 6 7 , 1991). Thus, 
an inhibitor of tyrosine-kinases, genistein* was used to 
test whether the. proliferative: signals, induced by IL-15 
15 are' mediated- byr the same; tyrosine: kinases - as;, are- the* 
proliferative^ signals: inducedr by IIP- 2 - rL-2 • and, IL-15 
both induce- T cell proliferation and both' manifest a 
similar dose-related sensitivity to< gentstein" -(Pig . 9) . 

To rule out the possibility^ that genistein was 
functioning as. a general toxinv rather, than a selective 
inhibitor ofe protein- kiriase-dependent IL-2-r or IL- 
15- induced" cell- prolif erations - a standard- trypan- blue 
exclusion assay* was* performed;. Cell viability after 
3 days of incubation in the presence of genistein 
25 (10 Mg/ml), ; was^5%_ f 15* .bflthe:: contxpl ^(where no 

genistein 1 wis added) : Therefbrer-mbsr of the observed 
inhibitory effect of genistein is. due. to.- inhibition of 
IL-2 and IL-15. triggered signal, transduction^ . 

Tyrosine phosphorylation, events are critical for 
30 IL-15 stimulated proliferation. Indeed,, a direct 

comparison of the, pattern of .tyrosine phosphorylation 
shows that. the. protein phosphorylation induced, by IL-2 is 
identical to the protein phosphyloration induced by IL-15 
(Fia. 10) ... This indicates that both cytokines stimulate 
35 similar, if not identical, protein. tyrosine kinases. 
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streptomycin, then cultured in medium containing 
recombinant human IL-2 (100 U/ml) , recombinant human IL- 
15 (10 ng/ml) or non- supplemented medium, for 10 minutes 
at 37°C. 

After, stimulation with interleukins, the cells 
were washed in cold PBS and lysed in an ice-cold lysis 
buffer- (150- mM NaCI, 20 mM Tris (pH 7.5), 1 mM 
phenymethylsulfonyl fluoride, 0.5 mg/ml leupeptin, 
10 mg/ml, aprotinin, 1 mM Na 3 VO«, 50 mM NaF, and 1% NP-40) . 
Lysates- were* incubated for 15 minutes on ice and then 
pelletedrat 100,000 x g for 30 minutes. 

Soluble proteins were separated by SDS- PAGE 
(10% aerylamide) followed- by transfer to. a PVDF membrane 
(Millipore , - Bedford, MA) \s The membrane- was then 
IS- incubatedb im blocking-, buff er: (25 mM HEPES. (pH 7.4), 

1 SAs mM- NaCI .,^0.0 5A, Tweeny and: 2 %: BSA) v fori 2 : hours at room 
tempera fcuiies followed by incubation with an anti- 
phosphotyrjQsine-' antibody RC-20, conjugated, to alkaline 
Phosphate ^Signal . Transduction Labs,, Inc. Lexington, KY) 
for 2 hour st at room temperature. Washed blots were 
developedi in^thei BGPP/NBT: phosphatase? substrate solution 
fo2^coldr>imet^ric analysis: (Kirkegard- andb Perry 
Laboratories,! Jane . Gaifchersburg^ mdK 
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' z - r.sv* io 3-:;: : * 

, 'Z^l^i - . V\ Tr ' * ' ■■ r 
' tyt&Z'H-*? > « ' * < < . 

t - VJ t "^L ' ■ " ' « — * - ■> *' ■ 

' ^^0^^ 1 ^Kaplect- a population of activated, IL-2 
r^spdrtfei^/f f eel 1 s , PBMCs were stimulated with PHA for 
3- diays~ 1 ^ai6e1f'i"' 1 and then stimulated with~IL-2 or IL-15 
for* an addrf^i-onal 2 days.' ' Cultivation of lymphocytes in 
FL-2' rich medium leads to propagation of- lymphocytes that 
express a high copy* number of the tri -molecular 
high-^af f ififty IL-2R complex (Maslinski et al . , 
J\ Slol. Cftem-. 262: 15281, 1992). Furthermore, 
cultivation of- PHA- treated PBMCs with IL-2 or IL-15 
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The immunosuppressant Cyclosporin does not Inhibit 
Either IL-2 or IL-15 Induced Cellular 
Proliferation 

The effect of a second immunosuppressant, 
5 cyclosporine-A (CsA) , on IL-15 induced cell proliferation 
was also examined. Cyclosporine-A is a peptide that 
forms complexes with cyclophilin; these complexes bind to 
and inhibit the enzymatic activity of the cellular 
phosphate^ calcineur in, resulting, among other effects, in 
10 blockade of IL-2 and. IL-2Ra gene transcription (Sigal et 
al.V Anna. -Rev. Immunol. 10:519, 1992). T cells 
expressing, the trVmolecular IL-2R complex and stimulated 
wit&. exogenous ly added IL-2 are not sensitive to CsA 
ISigaL et , al . .,. Annu- Rev. Immunol., 1&:,519, 1992). It has 
15 " now been, shown that. , CsA dpea_ not inhibit IL--15 or IL-2 
tr.iVg^ed. cellular proliferation (Fig. 11) ,. again 



revealing similarities between IL-2 and IL-15 induced 

The doses of. CsA used, in these studies (to block 



,ceXlular:. proliferation. 



20 " PHAr/nduced j IL-2 gene expression) were tested in order to 
provide, evidence that a sufficient amount of CsA was 
.^being u^ed^., CsA (100 ng/ml) completely blocked 
PHA- induced IL-2 mRNA -expression as judged. by the results 
of ^RT-PCR, and competitive PCR techniques, as described 
" 3 '*lf Wforf^Lipman.et al.^ J" . Immunol ... 152 : 5120 , 1994).- This 
v * X ljpi ; 31^rms the efficacy of CsA in the culture system 
^e&Jh>*e£n^ " Moreover , it discounts the possibility that 
ii^lS^induces IL-2 gene expression, that, in turn, could 
be ^sponsible for T cell proliferation. 



fit * , k.—. - '"-../v.' 



' " J Xai '^ThP TT.-2RA Suh-nir. is rritical for both IL-2 and 



30 ; . 

IL-15 Signal T T*pgduct ion 

The hypothesis that elements of the IL-2R0 chain 
that are required for IL-2 signal transduction are also 
required for IL-15 signal transduction was tested. 
35 Previous studies indicated that BAF-B03 cells that 
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IL-2 and TT,- 




Events ar-o 



To further characterize the signaling events that 
are mediated by IL-2 and IL-15, the sensitivity of IL-2 
and IL-15 induced T cell proliferation to rapamycin 
which inhibits IL-2R signal transduction. Rapamycin, a 
macrolide with potent immunosuppressive activity (sigal 
et al. ( Axmu. Rev. Immunol. 10:519, 1992; Sehgal et al 
ASHI Quarterly 15:8, 1991), inhibits IL-2 induced signai 
transduction prior to or at the level of activation of 
P70 36- kinase and cyclin- E dependent cdk2 kinase (Price 
et ai r. Scarce 157 :973V 1992;" B'rerer' et a i . ; p roc NatJ 
Acad. Sctr USA 87: 9*31, 1990 ; Calvb r etr a*. , Proc Natl 
Acad. -Sci. USA SiniSff; t9^; and Chung et J at Cell 
69:1227; 1992) - PH^-stiir.ulaVedV iL-2-activated cells 
were-washed prior to' incubation with rapamycin" and 

cultured -witH IL-2 Jr'i'i^rs 3 Aaa-£rt- V** • v' 

±u as. Again, the similarity of 

IL-2 and IL-15 induced T eel ± proliferative events was 
evicteh^- lh¥ Pxinfef^v^'ev^ht^ltimulated by these 
two interleuki'ris were a eepfift^»«- sensitive' to 
inhibition by^rapamyein (Fiig^fo) r : - j ust as in studies 
involving, geriis£eW> <se<* aBove7, the possibility that 
rapamycl^s i^ifi^&& ea was ruled^ut by 



30 



W&mM^^^^^^'r^l^^s Idded 
Theref ore«He- : ' bfaservid inhibition 6f -cellular 
proliferation by rapamycin is due to an inhibition of i L - 
2~ and^ H3-^induced ;:^^^anBdJ^on^- 



4. 
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relatively early events in the course of IL-2 and IL-15 
intracellular signal transduction, the terminal phase of 
IL-2 and IL-15 signal transduction are also likely to be 
quite similar insofar as activation of target cells with 
5 IL-2 or IL-15 gives rise to expression of the same DNA 
binding proteins (Giri et al . , EMBO J. 1J3:2822, 1994). 
These results also suggest- th.at the function of the IL- 
15Ra and IL-2Ro* chain are similar, i.e-. that they are 
most important for cytokine binding affinity and have a 
10 negligible role in signal transduction. 

Decreasing the viability of activated T cells or 
blocking- the signal transduction pathways activated by 
IL-2 and- IL-15- provides a- way to- decrease- the production 
of lymphokiftes- and mi togens^that- contribute to / -, 

15 accelerated atherosclerosi's*, - allograft- rejection-, certain 
leukemias and other immune^mediated^ pathologies . When 
activated, *T-- eel la proliferate and-express- receptors on 
their cell surface for- interleukdnsn : " Hi* addition, 
activated T cells release at least- 3 r l^ymphokines : gamma 
20 interferon,- B cell dif ferenfiat ion - factor II, and IL-3 . 
These lympholcines can prodlifce^ various- undesirable events, 
such as ? aKPo<graf t rejection^" In contrast, resting 
T cells? ancF long-term* memory- T -cellar Ho not express 
lymphokihe^receptors . Thi*s* dif f erence in receptor 
25 express ibriHpirovi des- a means* to- target activated immune 
cell^ interfering- with- resting^ -cells . Molecules 

designed to recognize some subunit- of J 'the- IL-15R will 
recognize^activated monocytes/macrophages 7 as well as 
activated^ T : - cells and can be used :r td- selectively inhibit 
30 or destroy these cells. - Derivatives* of IL-15 that bind 
to an lL-15f subunit but tht&t? lack I0*-3r5 activity, either 
because they block the- binding and/br uptake of bona fide 
IL-15 , are useful' in the 'method of the- ^invent ion. The 
mutant IL-15 molecule described below provides a working 
3 5 example of : such a derivative. 
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express endogenous IL-2Ror and IL-2R-y subunits can be 
rendered IL-2 dependent upon transfection with cDNA 
encoding human the IL-2R0 protein (Hatakeyama et al . , 
Science 244:551, 1989). In contrast, BAF-B03 cells that 
express a mutant IL-2R0 protein, which lacks a 71 amino 
acid serine-rich region, do not respond to IL-2 
(Hatakeyama et al . . Science 252: 1S23, 1991; Hatakeyama et 
al., Science ££±: 551, 1989; and Fung et al . , j. Immunol. 
117:1253, 1991). Therefore, the ability of IL-15 to 
induce the proliferation of lL-2Rcry* BAF-B03 cells that 
express either the wild-type IL-2R0 subunit or a mutant 
IL-2R0, protein that lacks the serine rich region (S ). 
While both, IL-2 and IL-15 stimulate the proliferation of 
cells that express- the. wild-type IL-2R/3 subunit, neither 
cytokinesis able to stimulate IL-2Rcry* BAF-B03 cells that 
express, mutant s: IL-2R0 subunit - (>Fig. : 12 ) . These results 

serine-rich region of the IL-2R0 
subunit. isr critical for both ILr2. and, IL-15 triggered 
signal-- transduction. 

The r serine- rich region of the IL-2R/3 subunit binds 
several tyrosine, kineses including Jak-l and Syk- (Minami 
et al., Joanunity 2:89, 1995) . The, same kinases may play 
a critical,. ; ro.le:,in both. IL-2 and IL^15 signal 
transduction- jTTia -Since BAF-B03 cells, cannot express IL-2 
.25 (Anderson^t^^al,.,,- j. Biol. Chem. 220,: 29862, 1995), even 
u P on afiil^ifeipn with IL-15, these results indicate that 

ular proliferation does not require 
induction;.;o|^I L- 2 gene expression. 

The. experiments performed in- this series (see also 
30 Lm et al ., : Immunity 2 :331 , 1995 Anderson et al . , 

J. Biol. Chem. £2fi:29662, 1995). indicate that IL-2 and 
IL-15 triggered signal transduction use overlapping, 
perhaps identical, signaling pathways, and that agents 
that block IL-2 ;( signaling are highly likely to block IL- 
3 5 15 signaling. Although these experiments compared 
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Similarly, this strategy can be used to 
incorporate any other amino acid in place of the 
glutamine residues at positions 149 or 156 or to 
introduce amino acid substitutions at positions other 
5 than 149 and/or 156. 

Proliferation of BAF-BQ3 Cells in the Pre sence of 
tt-i-15 Related Proteins 

In order to study the effect of various IL-15 
related proteins, including the mutant polypeptides 
10 described above, on the proliferation of BAF-B03 cells, 
the following experiment was performed in vitro. BAF-B03 
cells were transf ected^ in culture with DNA from either 
pRcCMV-IL-2R0 or pRcCMV-0. These plasmids differ in that 
PRcCMV>3Lt2R£ contains an insert encoding the human IL- 
15, 2R/3- subunit: and pRcCMV-0 does not . Following 
- transfection, the~cells-were washed- and- treated with 
either?: (1) unsuppletnented medium ( "none" ) , (2) IL-2, 
(3>- IX^Snrich WEHI -cell ^supernatant ^ (WEHI) , (4) FLAG-HMK- 
IL-15-V- (5> FLAG-HMK- IL-15 Q14 9D single mutant (149), 
20 (6): FLAG-HMK- IL-15 Ql 5 double- mutant (DM), (7) IL-15, 
or. e8).ai3^15 + FLAG-HMK- IL-15 Q149D Q156D 1 double mutant 
-CEig^ 1S)i. Cells^transfected with pRcGMV-0 DNA, did not 
prol ifer ate -in 'response^ to any stimulus- except WEHI cell 
supernatant in contrast- following transfection with 
2£r^^^lL-2R^ DNA, IL-2, WEHI cell supernatant, FLAG-HMK- 

Q149D single mutant, and IL-15 
' sti|ulated r cellular proliferation, • The- IL-2R0 expressing 
ceils^dici not proliferate- in response to the double 
mutant IL-15. The double mutant IL-15 polypeptide may 
30; inhibit BAF-BO-3 proliferation in a dose- dependent manner: 
addition of 30 til (approximately 50 nq/ml) of the double 
mutant?-.iL-15 inhibited- proliferation- more- completely than 
did addition of 20 yih of the same concentration of the 
double mutant IL-15. 
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Sgnetjc rnp, rn , rfion „ f m ^ 

The human IL-15 nmi-^n u 

critical for binding to the II. !8v k P"«tive sites 
but uncharged g lutam i„e residues at ^ ™" P01 "' 

<Fig. 12, „ere mutated into aclc POSll:i — 1« and 15s 
acid (P ig . 13) utili2i ^ « ~ of aspartic 

cDNA encoding the douM «"«ed mutagenesis. A 

v^xny cne double mutant of tt tc 

PCR utili 2ing: a synthetic sense oL« , amplified * 

(underfed h exa mer) pIus b-L -i™^'' ^ ^ 
antisense oligonucleotide * synthet ^ 

IS '-- 



20 



25 



. "** 3 w»ucxeotide 

,. £5 '- -CQSSAl^GAAGAAGTOTT GATGAACAT GTrr*™ 
CAAAAATr 3 ' (SEQ I D NO , 3) ^^^^TCGACAATATGTACAAAACTGTC 

The template was a »!„. •! underlined] . 

*-n ^hmTil"" T C °T inin9 CDNA Chat ~s 
digested witT* „ The amplified ^agmenc was 

PWDRif 5 r /SamWJ ^ cl -e d; ,into the= 

pAR(DRi) 59/60 .plasmid.. digested with EcoftCE-ZBamRr 

Zr^iT^T ai ' *~ ---- - as ^ 

introduces., J!^^.* 1 *^ —ion 



introduces.* new Sal^r-T ^ " Che Nation 

mutati^" - restr*etxon- site ^,In,-addition 

mutacxons, were verified,by dna seguencima - 
standard techniques-.- T h* vt.^JT * ^ aecord ^9 to 



3 0 
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^^^^eqnnaques,. The FLAG- hm* tt 

~ . *^&g»^£anz protein was product r> ,_. £ . ^ 
verm^ ; k^ f^oauced, puri-faed^ and 

ve.rxf,aed ^sequencing as describe w . 
HMKilL.^; wild . tvnA Ascribed above for. the fla G . 

JJsing^thia same strateav , 
only a single ami nn SCrate 9y- mutants that contain 
j « single ammo, acid substituMnn ^ -^w 

149 or at. position 156 were a ' ***** P ° Sition 

above, these, positions Z ' 

positions 101 and in 8 *** 1S6) Respond to 

ana 108, respectively in »-k,« - 

Polypeptide, which lacks a 48 « ^ IL " 15 

lacks a 48- amano acid signal sequence _ 
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Genetic Construction of Additional Mutant IL-15 
Chimeric Polypeptides 

In addition to the FLAG-HMK- IL-15 chimera, which 
provides the mutant IL-15 with an antigenic tag, numerous 
5 other polypeptides can be linked to any mutant of IL-15. 
For example, mutant IL-15 can be linked to serum albumin 
or to the Fc fragment of the IgG subclass of antibodies, 
according to the following method. 

Genetic- Construct ioh of Mutant IL-15/FC-- 
10 cDNA for Fc-y2a can be generated from mRNA 

extracted from- an^I%G2 a- secreting- hybridoma using 
standard7'le'c|m^«1C^ (MMLV-RT; 
: ' tsJ ~ Gibco-BRL, Grand Island, NY), and V synthetic oligo- 

dT (12-18). oligonucleotide (Gibco BRL) . The mutant IL-15 
tSS ls/ "cDNA can be amplified" from a _plasmid "template by PCR 
* Vi using. IL-15 "specif ic ^synthetic oligonucleotides . 

The 5' oligonucleotide is "designed to insert a 
unique*"Notilrestriction site 4 6 'nucleotides 5/ to the 
" :3 translational start" codon /while the V oligonucleotide 
20 eliminates the termination codon and modifies the C- 
terminal Ser. residue codon usage f; rom ; AGC to TCG to 
k iMo^ii^h^^^ov^^^^^:^m site at the 
, mutant I-L--1-5 /pFc function.. Synthetic ^oligonucleotides 



or^^to; Create' a- unique BamHJ site- spanning, the first 

,„ ||c^oi Sfitiie-i hinges ancfc introduce a unique- XbaJ site 3' tc 

: ^'W^0: : §eim0UoTy qodon>.:, ; * The .Fc c fragment can.be 
... - , -modified so-? that; ifeAft^nonriyti.c^i'^ not- able to 
.•-SO^ activate, the- complement; system^ To make,, the non- lytic 
" .. : mutant. IL.-15. construct (mIL^15/cpc r - )-. -. oligonucleotide 
site- directed mutagenesis; is, used to- replace the C» lq 
- " , - binding, motif Glu318, : Lys320.„ Lys322 with. Ala residues . 
Similarly, Leu235- is replaced with Glu to inactivate the 
3 5 Fc-yR I binding site. Ligation of cytokine and Fc" 
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Human PBMCs pre stimulated with PHA (2 M g/ m i) for 
72 hours were washed and cultured in the presence of il- 
15 related proteins including: (i) tne i L -i 5 double 
mutant, FLAG-HMK-IL-15-Q149D-Q156D, ( 2 ) the IL . 15 sinqle 
mutant, FLAG-HMK-IL-1S-Q149D, or (3) the IL-15 single 
mutant, FLAG-HMK-IL-15-Q156D (Fig. l 6 ) . Medium without 
an IL-15 related polypeptide served as a control. The 
proliferative- response was then assessed. 



With FLAG-HMK-TT,-T;-p 0 uhT^ M.^^fTtr 



"-. v . ; ^v a ? ility , ° £ Che FLAG-HMK- IL-15 double mutant 
polypeptide ;to bind PHA- activated human PBMCs was 
15 ; demonstratearas PBMCs were washed 

^^^S^™*™:^?™' or with the FLAG - HMK - 1 L - 

then incubated with an 
- ant ^ F ^^? ti ^ lat f d " a ^ody and stained with 

Str !? Ca r d ^ . COnju ^ ed 4° 0 ^ The stained cells 

,r ere , an ^ ed ^ flow cytometry (Fig. 17) . ' 

WlE»ld -TS^peti ft .J\a - tyw^I^-pcp . - * W7T ' n 

t;.". ' •- : -'~'Trfq.:sV#fesV<>f experiments similar to- those above 
2 a^^PiSl" £ -^type.FLAG,„ MK - IL . 15 polypeptide ' 

?*m^*0*™^ *ells was^ shown. The- cells- treated were 



20 



^ta^vf^om, th e leukemic: cell lines" MOLT- 14; YT, HuT- 
Silff I SISP n ^11- ^ne^ currently- being established at 



41^ 



•^e^Isr^HoSpitar (Boston^ MA) , and named 2A and 2B. 



3:0- 



The* culture cel-1* wer* washe* and incubated with either 
medium" alone or with- mediunf^bntaining- the FLAG- HMK- T L- 15 
wild-- type? polypeptide- (Fig-V- 18) . The- cells were then 
intubatedrwith -the biotinylated anti-FLAG antibody and 
stained w^th: RED670-conjugated streptavidin . The stained 
cells were- analyzed by flow cytometry. 
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Western blot analysis following SDS-PAGE under 
reducing (with DTT) and non- reducing (without DTT) 
conditions can be performed using monoclonal or 
polyclonal anti-mIL-15 or anti Fc7 primary antibodies to 
5 evaluate the size and isotype specificity of the fusion 
proteins. 

Standardization of the Biological Activity of 
recombinant mutant IL-15 and mIL-15/Fc-- proteins 

Using the RT-PCR strategy and 5' NotJ sense 
10 oligonucleotide primer described above, mutant IL-15 cDNA 
with an XbaJ restriction site added 3' to its native 
termination codon, can be cloned into pRc/CMV. This 
construct isr then transiently expressed in COS cells 
(available from the American Type Culture Collection) . 
15 The cells may be transf ected by the DEAE; dextran method 
and grown- in serum- free- UltraCulture media (BioWhittaker 
Inc..) A Day 5- culture supernatant is sterile, f iltered and 
stored at -20°C for use- as a; source- of* recombinant mutant 
IL-15 protein (rmIL-15) . 
20, Mutant IL-15:/Ec-- and rmIL-15 mutant protein 

concentrations- can be determined by ELI S A as well as by 
bioassay^r assdescribed? (Thompson- Snipes et al . , J. Exp. 

Med./, 173 ; 5 0*7 f c 1991). 

Thjetr-functional activity .-of mutant IL-15/Fc-- can 
25 be assessed^by a- standard T: cell^ proliferation assay, as 

described above . 

-'--^ p^r-mi nation of mIL-15/ff r-- or mIL-15/Fc++ 
rireulat iTM Half-life 

Serum concentration of mIL-15/Fc or mIL-15/Fc++ 
30 fusion proteins can be determined over time following a 
single intravenous injection of the fusion protein. 
Serial 100 nl blood samples can be obtained by standard 
measures at intervals of 0.1.. 6, 24, 48, 72, and 96 hours 
after administration of mutant IL-15/Fc-- protein. 



BNSDOCID: <WO 9741232A1 J_> 



WO 97/41232 

PCT/US 97/06931 

- 51 - 

components in the correct t«n.i 

Che un iqu e BamHI mltm yZxZ Tl llTt readin9 fraTO " 
reading fra™. encoding a single 41 ^ ° P *" 

Polypeptide Uncluding the "f ajn 
* Peptide, with a tocal "„ ^ "~\" 

m^i-, cysteine residues tk^ 

mature secreterf • cs • The 

n-e a total of up Co eight intr^X Ind th^ 
inter-heavy chain disulfide linages Ind a ^ " 
weight of. approximate^ 85 JL?, ""Ocular 

10-fflycosylation exclusive of 



— * . i. ^ 



i : : Proper genetic, "construct w « 

: . which- carries the, wi^type^a s, 1 "*-«/■"♦. 

- ff ^"*-^ the,- tLw^TT^^ 
: cassettes9int 0 ^K«, wti-a, a j 



cas.ettes, inta the, euxar^tic «p^~ioT , 
«nyi- EroS en.. ; Saro Diego., Wai PRC/CMV 
Promoter/enhancer. a hovlne 9 ro„t h E^™"*" " ^ 
3 °- ^-^.tion sion**^ neony^ij^stance 

- selection, „ Ith . 041a ,.,„, carrvij^ T 9e " e ' " 

j or na-M/fc. . .,„ ■ carrying.; the. mlL-is/Fc*. 

halter va^ ce™£T r""^'** «*»~ 
:^e «a^«^^*; i '^^t«- —can 

ffgff selected' TZSSSZg"^. 
* (B A9 M «it.taker inn u =-n .. , , cra CHO media 



inc., walkervilie Mn.-^«*.^- 
^^^S«*,.ticin. Glbe o BRL, ' " e ^""^ -l.S n^ /ml 

^mWSRr^c,,hi g h tevels of^he tnlll SUbCl ° nina ' clones 
elected oy screening^ern^S^" 1 " *™ 

■ 30 (Pha rM i„ ge „, san Die |; «™ "" r ^!T rL - 15 by «"« 

" ' °T fro m cuit^r? uper a ; a s J- 310 " 

- ■ *»»"~ chronograph ft o^edTtl/ 

aga-inst PBS and 0. 2 r filcer sLrill't^ I 
Protein, can he stored at : ao . e heftre Us." 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 6 base pairs 

(B) TYPE: nucleic acld 

(C) STRANDEDNESS: single 
5 (D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO 
CGGGATCCTC AAGAAGTGTT GATGAA 26 

(2 ) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
10! - (a) LENGTH : 60 base pairs 

10 (B) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION, SEQ ID NO-.3: 

15 — — *™ 60 

<2> INFORMATION FOR SEQ ID NO:4: 

(1) SEQUENCE CHARACTERISTICS*- . 
<A> LENGTH: 7 amino acids ^ 



20 



(B) TYPE: amino acia 

(D) TOPOLOGY: linear J 

(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION^ SBQ^ IU NO^ 

Asp Tyr Lys Asp Asp Asp' Lys"" 



i 5 



25 



■ M 1- - f 

-■ -y _y 

-ml J ,f i 



35 



40 



( 2 ) INFORMATION FOR SEQ - ID NO : * 

; SEQUENCE CHARACTERISTICS: ^ 
A) LENGTH: 489 base pairs- ^ 
IB) TYPE: nucleic aeia 
( C ) STRANDEDNESS : s ingle 
(^TOPOLOGY: linear 

^%r«S5/iw' coding Sequence: 

(B) LOCATION: 1 • - -486 
k {DP OTHER INFORMATION : _ 

s a s s w ~ s s? at s - s - - sr ~ 

1 5 . CT gaa GCT GGC ATT CAT 96 

S SI a S SS i£ S 5" f S S Si ». fo v - - 

20 ^ ' ^ rrT ACA GAA GCC 144 

35 



3.0--A^.,^ *v 

, . t- • • • .* 
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Measurements employ an ELISA with a .„ , 

capture mtlbody Md horser^^"" 15 "*> « the 

- Pc- 2a ^ aa che deCection £~ TtLVr™ " 



SEQUENCE LISTING 

(1) GENERAL INFORMATION 



10 



<*n> NUMBER OF SEQUENCES: 7 
^Ti^^ff^ 110 ^ ADDRESS- 

C)-ciTY^Boston " Street 



ic <D> STATE? MA 

(B) COUNTRY; US 

<*) ZIP: 02*10*2804 



<Vi) CURRENT APPLICATION DATjT 
25 J?,' "LINO DATE: 25-APR-iot} V *"~~ 

(o classificatlon;. J 1997 

iVi tH APPLICATION DATA • 

#«i^fe^^^fef^"^ NPHBER: 01948/03 9W01 

^^^l^vH^^tXJMMONICATION INFORMatt™ 

^ -i ■'' Y ■ s ; 'J ^ ^ * *r w 




' * C r:vv at^ -n- 

GGAATTCAAC TGGGTGAATG T^VTA 25 

- - - -a.r ay** > 




SE<* ID> NO;,X : 



» (2) - INFORMATION For' SEQ ID NO:2: 
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Val He Ser Leu Olu Ser Gly Asp Ala Ser He His Asp Thr Val Glu 

100 10:3 
Asn Leu lie lie Leu Ala Asn Asn Ser Leu Ser Ser Asn Gly Asn Val 



115 

Thr Glu Ser Gly Cys Lys Glu Cys Glu Glu Leu Glu Glu Lys Asn He 



130 135 



^ , m« or- Phe Val His He Val Gin Met Phe He Asn 
Lvs Glu Phe Leu Gin Ser Pne vai ms ±± 16Q 

150 



145 
Thr Ser 



10 



(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 489 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS : single 
15 (Dh TOPOLOGY |r linear 

( ix) FEATURE : 

(A)" NAME/KEY: Coding Sequence 
(Bh LOCATION: 1.. .486 
(D)r : OTHER INFORMATION : 



20 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 



5 

„„ R _ ttt CTA^ACT GAA GCT GGC ATT CAT 96 

TTG TGT TTA CTT CTA AAC ACT CAT TTT CTA ACT ^ U( His 

Leu Cys Leu Leu Leu Asn Ser His Pne wsu. ^ Q 

20 " 

„„ .„ r r-j. GGO-CTT CCT AAA ACA GAA GCC 144 

S5 52 if- 2 K SJ E ~S»Jb* ir «r «. «. 

AAC TOO CTG AAI « ™ « « ™J g5 Jg S S 

Asn Trp Val Asn Val He Ser Asp ^ eu 6a 



25 



30 



. * ' „ ^ nr-r TTA TAT ACG GAA AGT GAT GTT CAC 24 0 

g*^S® sees ™ *■ s " - Vil S" 



35 ; 65 70 



dBife ?s sssss g s ■ = = a a a 266 



4 0 



GTT «T TO'CTT ^ JCC ~« «SLS SI S S ^ Si 

Val, He J3er, lieu Glu- Ser.Gly Asp_ Aia. a 11Q 

1°° 

— Trr njvr GGG AAT GTA 3 84 

AAT' CTG ATC ATC, CTA GCA AAC AAC ACT, TTG. TCT TCT AAC OGG ^ ^ 

Asn Leu He Ile--Leu Ala Asn Asn ^ 
115 



45 



^» 

„„„ _ r QAA AAA AAT ATT 432 

S S5.S S £ ^ SK S SS S5 '2 S5 ^ » - 
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AAC TGG GTG AAT GTA ath *™ ^ 

- v,, A .„ © a s s s kkmss js 
> as e s a s s s s a 5; s ~ » s s a - 



? 5 

80 



85 r £g B Ffte L *u Leu Glu Leu Gin 

1 0 GTT ATT tp a. ,-i.t. .. ^ ^ 

- s„ 5 s; S s;«g E s ffi « T s ™ g, 336 



- a ssjss a; « g? j» ~ - - - - .» 

ACT TCT TGA 489 160 

Thr. --Ser. v. - , 



30 



SEQ ID NO: 6: 

sequbwcb' characteristics- 

i JSP"' 162 amino 23; 

I ' TYPE: ammo acid 
<Dr.TOPOLOOV: linear^ " 

(ii) MOLECULE TYPE: protein 
(vb PR »aW/TyPE- intern** ^ 
(xi) ^EQ0B«CE"DESraiPTIONi SEQ ID "nO:6: 

Leu ^ f-rrile Ser lie Gin Cys Ty r 

i*eu cys Leu, Leu Leu Ann u ^ L 

35 ^:-V , 8n ^ e . Leu JP~ Glu Ala Gly lie His 

■ ' ;^v :, - v>i: ' s,: s« , • ~. 3-o 

Val Phe lie Leu civ cys Ph* c or . ai 

35 y Cys Phe ser Ala Gly, Leu Pro Lys Thr Glu Ala 

Asn Trp val Asn.Vatlle Sm i™ r , Ai ? 

50 Iie f| X L y8 Ile Qlu Aap Leu 

Gin. ser Met His- IlerAspAla^ Thr. Leu. Tyr Thr- G lu « * 
* 70 <=" iyr Tftg.Glu Ser Asp Val His 

~ 80 

Pro Ser Cys Lys Val Thr Ala m*.. t„ „ 

8S Ala MCt Lys «»• ^u Leu Glu Leu Gin 
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1. A substantially pure mutant IL-15 polypeptide, 

the polypeptide being: 

(a) at least 90% identical to wild-type IL-15, and 

(b) capable of inhibiting at least one of the 

5 cellular events that normally occurs when wild- type IL-15 
specifically binds to a cell surface receptor. 

2. The mutant polypeptide of claim 1, wherein the 
mutant polypeptide competes with wild-type IL-15 for 
binding to a cell surface receptor. 



10 



3. The mutant polypeptide of^ claim 1, wherein the 
mutant polypeptide binds to a cell surface receptor with 
at least as^ Mgh- an affinity as wild-type IL-15 binds the 
same cell surface receptor. 



4.. .The mutant polypeptide- of,, claim,. 1, wherein the 
15 mutant polypeptide binds- the cell surface 1 receptor with a 
- Kd of- greater than 10*' M* 

■3* 

" ^ 5 . : The mutant polypeptide of claim 1, wherein at 
least one ..mutation is. within the domain, that, binds IL- 
2R-y. 



20 ^ ^ 6c,, The mutant polypeptide of claim 5, wherein the 
CSSiioffiU'a'deletion,.; insertion, or substitution of an 



■ ■ r ■ " ■ if 'J" ' - 



25 



^t;v.v^ 7 ^-' The mutant polypeptide of claim 6, wherein the 
mutation is at position 156 of SEQ ID NO: 6. 

8. The mutant polypeptide of claim 7, further 
comprising a mutation at position 149 of SEQ ID N0:6. 
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140 



2S Si £1 S 2S s s «s SI s S 2° tr ^ ATC » c 18 ° 

14 5 e vax HiS Ile Val Asp Met Phe He Asn 



155 



ACT TCT TGA 489 
Thr Ser 



160 



15 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS* 

10 £! E?* 3 ™' 3 " 162 amino acids 

xu (B) TYPE : amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(v) FRAGMENT TYI>E: internal 

- . (xi.) . SEQUENCE ..DESCRIPTION.!. SEQ ID NO : 8 : . 
Met r Arg He S er, Lya Pro His. Leu Arg. Ser He-, Ser lie. Gin Cys Tyr 

»- 10 15 

LCU ° yS ^ U £ U ^ U A8n s « His Phe\eu Thr Glu Ala Gly H e His 

25 30 

Val -Phe c He - : Leu r GJTiP CvffW^-eiii Ar- , 
20 35 K»« Ser Ala- Gly Leu Pro Lys Thr Glu Ala 

Asn Trp Val Asn Val lie Ser Asp Leu Lye- Ly* .lie Glu Asp Leu He 

Sb 60 

_ Gin ^^t : H i . cI l. W . thr Leu Tyr ThrjUu Ser Asp Val His 
Pro' Serbs' Lys- v^Thr Ala- Met Lys Cys- Phe Leu Leu Glu Leu Gin 
Val lie Ser Leu Glu Ser Gly Asp Ala Ser lie His Asp Thr Val Glu 



25 




As* Ser^Phe. Val His, lie Val, Asp Met Phe lie Asn 



35 Thr Ser ' * 3 "* c ~ 1 - - - 

What is claimedf is^: 
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18. An isolated nucleic acid molecule encoding 
the polypeptide of claim l. 

19. A vector 4 comprising the nucleic acid molecule 
of claim 18. 

5 20. The vector of claim 19, wherein the vector is 

an expression vector. 

2x. A biological cell! comprising 1 the: expression 
vector of claim 20 . 



- . 22-. A method- of suppressing the- immune response 
i:cgl inc a - parient-; the method" comprising- administering to the 
patient the mutant IL-15 polypeptide of claim 1. 

- »i. i: 23-^ The method ■"of ■< claim 22 .' wherein^ the' patient 
has an autoimmune disease or is at- risk- of developing an 
autoimmune disease. 



!5 : r.z -n . -2 4 J -""The. method^ of claim 23, wherein "the 

autdi^mune^ disease is a* rheumat-ic^ di-sease^selected from 
the group consisting of systemic lupus erythematosus , 
Sjogren's syndrome, scleroderma, mixed connective tissue 
Wc^d^SBaa^neht^totCYOB^ti^. polymyositis, Reiter' s 
'^^s^arom^Mncf Behcet disease,.- - - " ' 

26. The method of claim 23, wherein the 
^~ 3-! Autoimmune diseaseS-ist type' r diabetes . 

— — " " " - 

" - -> A * ^ ^ ~ — 

' — - » ~ - - -» — — 



^$&^^?2^ The method of claim 23, wherein the 

seasel i's\ rheumatic r arthritis . 
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9 . 



The mutant polypeptide of claim 7, wherein the 
mutation at position 156 of SEQ ID NO: 6 is a substitution 
of aspartate for glutamine. 

10. The mutant polypeptide of claim 8, wherein 
5 the mutation at position 149 .of SEQ ID NO:6 is a 

substitution of aspartate" for glutamine. 

11. The mutant polypeptide of claim 1, wherein 
the polypeptide is part of a chimeric molecule that 
comprises a heterologous polypeptide. 

•0 - 12. The mutant polypeptide of claim 11, wherein 

the. heterologous, polypeptidemia the Fc region, of i gG . 

13. The polypeptide of claim 12, wherein the Fc 
.. region of i gG increases the circulating ;half -life of the 
mutant polypeptide. =.:... 



14. The mutant polypeptide of claim 12. wherein 
the : Fc region of IgG is capable of activating the 
complement, lysis system, and Fc receptor- bearing,- - 
phagocytes... _.r T _ , 



^^ v-i,, 15 — ThermUtanfi Polypeptide of claim i; i2,. wherein 
%^ Fe regioil of I 9C is incapable, of- activating the 
'.complement lysis system. 



; 16'. The, mutant polypeptide of claim, l,. further 

comprising an antigenic tag. 



17 . 



The- mutant polypeptide- of claim 16, wherein 
the antigenic tag is a FLAG sequence comprising Asp-Tyr- 
Lys -Asp-Asp-Asp- Lys (SEQ ID NO:4). 



1 I > 
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comprising exposing the cell to the mutant IL-15 
polypeptide of claim 1. 

36. The method of claim 35, wherein the cell is 
mal ignant . 

5 37. A method of diagnosing a patient as having a 

disease or. condition that could be treated with a mutant 
IL-15 polypeptide, the method comprising determining 
whether a biological sample obtained from the patient 
contains cells that are bound by a polypeptide comprising 
10 IL-15 and an. antigenic tag,- the occurrence of binding 
indicating, that, the- cells can be bound by mutant IL-15 
polypeptide , in- vivo, and thereby inhibited- from 
proliferating, im response- to wild-type IL-15 in vivo. 



-. -f r% w 



2 p 



*• ■■ If. *" 



.... -"*.-'.V.-, 
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27. 



The method of claim , ( u A 

Wi Cldim wherein the 

autoimmune disease \ <s ^ * 

, 36 13 an autoimmune disease of the 

thyroid selected fmm 

CACCtea rrom the group consiQhin« TT 

thyroiditis and Grave*. «' ' C ° nS1SClng ° £ -.h«*o.. 



10 



15 



20 



28. The method of claim 23, wherein the 
auto.mmune disease is an autoimmune disease of the 
central- nervous system selected from- the group consistina 
of multiple sclerosis, myasthenia gravis, and C ° nslSti ^ 
encephalomyelitis- 

29^?- The method of claim-23f wherein the" 
autoimmune disease- i <»- a va^..- , 

from th * «■ 8 ^ 1S a var ^ty of- phemphigus selected 

from the- group- consisting of- phemphigus- vulgaris, 
Pemphigus vegetans" phemphigus^ foliaceus, Senear-Usher 
syndrome, and Brazilian phemphigus. 

30. The method of claim 23, wherein the 
autoimmune disease is psoriasis. 

31. The method of claim 23, wherein the 
autoimmune disease is inflammatory bowel disease. 

h*. - " ' . ^ meth ° d ° f Claim 22 ' Wherein the P^ent 
has acquxred : immune deficiency syndrome (AIDS) . 



. ' 33 :C : - The nethod of c ^im 22, wherein the patient 

has received; a transplant of a biological oraan . 

or cell • • 3 :: UAOgicai organ, tissue, 

25 h ., 34 ' math ° d ° f Clalm 22 ' "herein" the Patient 

25 has received a vascular injury. 

th„t- 35 ' A meth ° d ° f reducin 9 ^e viability of a cell 
that expresses a receptor for IL-15. the method 



BNSDOCID: <WO 9741232A1 I > 



WO 97/41232 



PCI7US97/06931 



2/18 



120 -i 



cpm x 1 0" 3 ; 




BAF-BO3-IL-2R0 



80 4 



60 

cpm x 1 0" 3 

40 



- 4Q' A 

■ ■ ■- J i \~. — ■' * * « ' ' ti"" .'^ -<_ 



20 ;«a 

0 4 



-v S J v T' 
. * * - 



7* 



<3 i V A". 



I I none 
□ IL-3 




IL-2 

FLAG-IL-1 5 



• > 



3& 



FIG. 3B 



m 

3 

a 



o 
c 
o 



CM 

■ 



/ SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 9741232A1_I_> 



WO 97/41232 



PCT/US97/06931 



1/18 




FIG. 2 



SUBSTITUTE SHEET (RULE 26) 

BNSOOCtD: <WO_9741232Al I > 



WO 97/41232 



PCT/US97/06931 



4/18 



CM 



-r - 



CO 




CM 



O 

Urn 





OZ 9030-91-11 



2 



^^01 9CJ3U • S i -11 



■ . ■ ■■ , 

'"" ' '<«-'. *■"" ■'- 
- : " : ;»**.v-'' *•? ' 

- if* 



» *■ ^•i . * . v .' «. _ 

* * • * 1 

« '. * . • • 


CM I 

© r 


* • • • f\ 





• : f 

* * # 



111 

a. 
i 

O 




u. 
» 



iiiviri^piifnri««fv^-iP 

0Z9Q3U-IOJIUOO 



OZ9aaU"|OJ|Uoo 



BNS0OCID: <WO 



SUBSTITUTE SHEET (RULE 26) 

9741232A1J_> 



WO 97/41232 



PCT/US97/06931 



1' 



3/18 



PHA(-) 




PH A( + ) 



RE06 7 0 




FIG. 4A 



1 



-:-e < - ■ ' 



IL-15<-) 




'%Bbmi IL-15(+) 



o 



REDS 70 




RE06 7 0 



FIG. 4B 



BNSDOCID: <WO 97A1232A1 I > 



SUBSTITUTE SHEET (RULE 26) 



WO 97/41232 



PCT/US97/06931 



6/18 



PHA 



CsA/PHA 




IgG-PE 



a 

AC 

o 

c 
o 

o 



60 

■ »■ • • 

_ i 


05 

* I 
• 

* » 


~ j 


0.2 



Q 
Ul 



0 4 



202 



i « 



3.0 



20.7 




RAPA/PHA 



DEXA/PHA 



(O 

Q 
Ul 



o 

o 



5.0 


0.6 






* • . 
• 










• 

-.«: 




0.1 




1.3 



0.2 



■ I III I !■! ■ I 

IgG-PE 





FIG. 6C 



FIG. 6D 



BNSDOCID: <WO 9741232A1_I_> 



SUBSTITUTE SHEET (RULE 26) 



WO 97/41232 



PCT/US97/06931 



5/18 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 9741232A1J > 



WO 97/41232 



PCT/US97/06931 



8/18 



Human PBMCt 



Sumuftstfton x 72 hr 




IL-2 (25 IMRM] 



i 



IL-15 (5 ngftnl) 

I 

f 



24 hrr~\p 



I 




r ;>. t 





1U2 



ILp2 



FIG. 8A 




300 



V?u_ -T;^ Vi^-i. o^'.>.* 



Minuter 10 



r. j ■ 



1 *± 




100 1000 



1L-1 S [ng/ml] and IL-2 |U/ml) 



FIG. 8B 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9741232A1J_> 



WO 97/41232 



7/18 



PCT/US97/06931 




SUBSTITUTE SHEET (RULE 26) 



WO 97/41232 PCT/US97/06931 



10/18 



100 
90- 
80- 
Percent of 70- 

Maximum 60- 

Response 50- 

40- 
30- 
20- 

. ta- 
0- 




a- 



iff 



Noq* Control 

IL»2 

IL-15 



0 ^^1 10 100 1000 
Cyciosporine A [ng/mfj 



FIG. 11 




BNSDOCID <WO 9741232A1_I_> 



SUBSTITUTE SHEET (RULE 26) 



WO 97/41232 



PCT/US97/06931 



9/18 




■ ' Genistein [pg/ml] 

FIG. 9 

tr . < - 




Controf 



0 0.1 1 10 

Rapamyctn [ng/ml] 

FIG. 10 



SUBSTITUTE SHEET (RULE 26) 

BNSOOCID: <WO 9741232A1 I > 



WO 97/41232 



PCT/US97/06931 



12/18 





XJ 


3 


XJ 


u 


xj 


0) 




XJ 


0> 


Ok 


01 


XJ 


r-H 




U 


#— 1 


<0 


CO 


*0 


-*-4 




40 




U 


01 




€0 




xj 


0> 


xJ • 






>* 




XJ 


r-4 


xJ 


a 


<a 


•—4 




XJ 


co 


xJ 


CO 


<o 


CO 




D> 


>» 


Ok 






>* 




xj 


o 


xJ 


u 


<o 


r-H 




oi 




U 


>1 


o> 


3 






0) 


o> 




XJ 


0) 


40 


*-» 




o> 


cn 


xj 


«-h 


0> 














c 


o 




o» 


3 


xj 


a 


-«H 


CO 




XJ 




(0 


CO 


1—1 


xJ 




XJ 




o> 


40 




o 


CO 


xJ 




XJ 


u 



.TV. 



to 




<o: .CO, 



XJ«*#~4 



-h u sz cn 



xj at 

Ok > 

xJ C 

(tj W H 

<o *o 



9 u 



<0 
*0 




A 

at 
O 

4> 



a 





u 


o 


>* 


o» 


a 


Ok 


a* 


o> 




o> 


w 


<0 


CO 


oi 




xj 


XJ 


<a 




u 




U 


c 


o> 




u 




*0 


CO 


<o 




o> 


as 


<0 




a» 


3 r 


<0 


3 


U 




xj 


01 




r-4 


u 




XJ 


«-h 


Ok 


Ok 


ok 


40 


XJ 


CO 


xj 


U 




3 


<0 


-rH 


u 


-C 


40 


r— 1 


u 


x: 




XJ 


c*k 


o> 


40 


o 


40 


3 


<o 


u 


o 




xj 


<D 


u 


.c 


u 




o 


»—» 


<0 


XJ 



U CO 




u 3 




u 


c 




Oi 


3 


15 »»H) 




xJ 0) 






CO 






r-H 


U £ 




U «— t 




«0 






a* 


o> 


u •— » 




<d u 




O 


c 




Oi 


a 






U 01 




(0 


CO 




XJ 


a» 


Oi > 




XJ CO 










U 


*-H 


ij Qi 




xj a> 




to 






<u 


3 


(0 CO 




XJ f-4 




u 


r-H 




0$ 


r-H 


Ok «0 




<t) 




o* 






o» 




j-> U 




u 5 >-* 






3 : 




Oi 


3 






XJ <0 




XJ 


ai 






r-H 


(0 10 




Ok > 




• * 

u 


♦ 




Ok 


o* 


<tJ 3 




«S C 




r | 


/it 


- 




CA 










U 


r-H 




cn 




Ok Ok 




U Ok 




(0 


•«H 




XJ 


u 


Oi U 




41 3 




o 


0) 






3 


O JZ 




jj 01 




LJ 


«— i 






r-H 


(Q iJ 




xJ «— I 




as 


-r-4 




o> 


Ok 




Ok 3 




Ok 


3 




<n 


CO 








X-> 


0> 




<0 


>, 




Ok Ok 




u 








i-H 


(0 3 




Ok 3 




XJ 


c 




u 


to 


xJ <S> 




■U Ofc- 






tn 




Ok 


>* 






/ ■ 








XJ 




u u 




U 3 


f-H 


t3 


3 








u jt 




xj a> 






r-H 


m 


Oi 


r-H 


IQ xJ 






f— 1 


o» 


Ok 


r-H 


cn 


Ok 














\ 






xJ <0 


r-4 


^xJ, 01 


t 




r-H 




XJ 


U 


U — ♦ 


r> 




o 


xJ 






u 


a» 


o> <0 




u O. 


m 


o> 


> 




XJ 


to 


xJ Oi 




U> CO 






U 




m 


3 


<o CO 




r .Ok > 




o 








^H 


Ok <8 




C *^ u 






XJ 




Oi 


Ok 



xJ 0> 

XJ r— I 

(TJ 

xJ CO 

U JS 

Ok xJ 

xj 0> 

(0 £ 

XJ kH 

U Ok 

XJ CO 



^(0 



xj O. 
Ok *o 



xj ^ w xj\ .to^^^' TJ 



(TJ U 
0) xJ 



u c 

<0 CO 
U 0) 

XJ i-H 
<TJ *rH 

U <D 
xj jZ 
xj O. 

Ok xj 
xj 0) 

« e 

m c 

r~4 

U Ok 

O <-H 
XJ <0 

Ok > 
xj 0) 

XJ r-H 
<0 

XJ (0 

*0 

<XJ <-H 

xJ <C 

Ok > 

xJ 0> 
xj -C 

xj 0u 

xJ U 
Ok 01 
<0 CO 

Oi c 

(TJ H 
U Ok 

O* 3 



coy^-iBft^iO'^to^'^^-xj'* cv- 

<0 XJ Or 

f / I 

O) kn ^ XJ CO 
(J <|) <T5 *r-l 



■Oj .CO^r-^. <0"^C^ : 

<0, >i,,^ ^-^-^^ 

(0 r-H 



Z 



E 
S 

5 



0» xj^CO, 

u *- 

C xj a> 

0) XJ r-H 

3 CO 

0) <tj a> 



CO 



Ok kH 

<o <o 

Ok xj 

xJ 0) 



U jC 

xj U 

oi a> 

40 CO 

o c 

(0 (0 

40 4Q 



xJ O 

a u 



XJ 

u 

u 



3 

a> 



<o 

xJ 

u 



3 h 
0) <N 



Ok >» 

O) r-H rH 

Ok Ok 

(0 *0 r-l 

U r-4 ao 

rj> oj 



U Ok 

xJ 01 

XJ f-H 

40 -H 

xJ 3 

xJ 0k 



xj^ Q; 



CO 

g 

LL 



(0 3 h 

Ok O* 



x^ 


a> 




(0 


•rH 




XJ 


40 




XJ 


Ok 






40 










Ok 


> 




XJ 


r-H 






<0 


40 




xJ 


Or 




XJ 


c 




XJ 


0) 






u 






xJ 






m 


to 




XJ 








o» 


(0 




40 


-rH 




40 


<0 




XJ 


a 






<0 


kH 




XJ 


u 




cn 


> 




f0 


3 






a 


j3 




Ok 


Cll 




Ok 


r-H 




40 


<-H 






40 

j* 


xj 




40 


CO 




cn 


o» 




Oi 


Ok 






40 






40 


40 




XJ 


c 




(0 


CO 






XJ 


40 




U 






<o 


CO 




*0 








Ok 


> 




Ok 


(0 




40 


(0 




(0 


r-H 






; « 


CO 




xJ 


a 




XJ 


U 




XJ 


0) 






40 






f0 


CO 




u 


0) 




XJ 


r-H 






40 


f-H 




Ok 


40 




Xi 


to 




TJ 


-•H 






u 


CO 




40 


>. 




u 


kH 




XJ 


c 




TJ 


Ok 


>» 




Ok 


f-H 




U 


CD 




)0 


to 




Ok 


M 






Ok 


Ok 




XJ 


CO 




*0 


<0 




U 


XJ 






U 


u 


r-H 


O* 


.3 


r-H 


40 


to 


*-H 


xJ 


Ok 


0) 


o 


U 


0) 




u 


0) 


^* 


40 




vo 


O 


40 


CO 




XJ 


CO 


«-H 


XJ 


r-H 


f-H 


<0 


r-H 


i-H 


u 
















\ 










u 


o 


•-H 


Oi 


3 


f-H 


XJ 




i-H 


m 


3 


i-H 


XJ 


u 


u 


o 


fO 


r-H 




o> 


0) 




40 


r-H 


CO 


u 


u 




Ok 


o> 


m 


40 


to 




at 


o» 




<0 



a 

V 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9741232A1J_> 



WO 97/41232 



PCT/US97/06931 



11/18 



Percent of 

Maximum 

Response 



100-, 
90- 
80- 
70- 
60- 
50- 
40- 
30 
20- 
10- 



— pi 



100n 

90- 
80 

Percent ot< 70- 
Maximum ^ 

40 
304 



■ si '^**V 



j — 



/ 

/ 



/ - 




0.001 0.01 



0.1 1 10 
IL?2 [U/mL] 



100 1000 






100 



!L-t5 { ng/mL] 



FIG. 12B 



BNSOOCID:<WO_9741232A1 I » 



SUBSTITUTE SHEET (RULE 26) 



WO 97/41232 



PCT/US97/06931 



14/18 



FIG. 15 




BNSOOCID: <WO 97*1 232A 1 _1_> 



WO 97/41232 



PCT/US97/06931 



13/18 





LJ 3 

XJ 0) 
O 




TJ 3 

xj o> 
xj i 




xj to 
Ok >, 

xj O 


1 inear 


tac ttg 
tyr leu 


tj 

Ok 

xj 

O 


o co 

S & 

<o —i 

U Ok 



xJ u 

o» o> 

TJ CO 

O CD 

xj -C 

a 

XJ CO 

Ok >, 

xj O 

U >, 

D) Ok 

Ok 3 

xj a> 



xj a> 



3 



u 
<o 
u 

TJ 
TJ 



¥3 
> o o> 



Ok 
U 



tj 

6 
xj 
u 

u 

XJ 

Ok 



a> 
-c 
a 



tj 

> 



u 
a* 
co 

at 



u to 

<TJ *«H 

U J= 



••■4$ <7\ 



XJ 
xJ 
TJ 



0> 



in 



XJ 


0» 


u co 


xj 


r-H 


<0 -«H 


TJ 


•*H 


O JS 




CO 


XJ 1— I 


tj 


> 


XJ (Q 


tj 


r-H 


Ok > 


tj 


CO 


j-» a 


tj 


>* 


(0 CO 




r-H 


Ok (0 


Ok 




xj U 


XJ 


ai 


Ok 01 


XJ 




(0 CO 


XJ 


a 


TJ 3 


<0 


to 


TJ *— i 


Ok 


tj 


Ok Ok 


xj 


u 


Ok u 


Ok 


0» 




<0 


CO 


Tj XJ 




o> 


xJ U 






TJ >v 


(0 




XJ XJ 


TJ 


r-H 


tj 3 


XJ 


(0 


xJ 01 


Ok 


> 


XJ r— 1 








xj 


c 




<0 


CO ^H 





Ok #-i 

« H 

Ok > <M 



i0 

U 



3 



a 

« 



A 
i 



<0 



Ok o>: 




CO 



IS 

5 
TT 



3 -• 



S 



as 
co 



0> 

o 

C 
0> 

3- 

co 



Q 



Ok W 
O 



01 
CO 



0) 



<0 Ok 
Ok U 
<0 IQ h 

Ok xj ^ 

J A) H 

TJ S VO 



O 5s 
Ok «-h 
Ok Ok 


Ok a 
Ok U 

XJ XJ 


LJ (Q 

u — « 
Ok TJ 


u c 

TJ CO 
TJ TJ 


TJ 3 

40 ♦ 

Ok o» 


(J TJ 
U — ♦ 
Ok TJ 


u x: 

TJ xj 


TJ 3 
TJ »-H 


TJ 3 

u o» 
u ^ 


Tjr xJ 


u 0» 
xJ jC 

xj a 


TJ CO ^ 
TJ >^ 
TJ ^ — 


XJ CO 

TJ *<i 
U £ 


XJ O ^ 
U U 

u a t 


xJ Li 
Ok Of 
TJ CO 


XJ 3 
XJ CD 

U r-» 


u c 

TJ CO I 
TJ TJ ^ 


O* >, 
Ok ^* 
Ok Ok vo 



u 

TJ 
J* 



Xif 

TJ 
Ok 

XJ 

TJ 



xJ 3 

XJ CP 

O ~* 

TJ U 

U Ok 

xj CO 

XJ 01 

XJ r-H 

TJ *«-♦ 



XJ TJ 

Ok > 

TJ C 

TJ «—t 

U Ok 

TJ 3 

xJ 01 



Ok 3i 
TJ — • 
O) Ok 

OI 3 

XJ 0); 

XJ* ^-«^ 

P 3 



TJ ^ xJ Ok- «— i 

xj xi J n 

TJ t>» ij a rn 

a 

CO 
TJ 



01 



CO 



u 


C 


o» 


3 


TJ 


CO 


TJ 


r-H 


TJ 


TJ 


Ok 


Oi 


U 


C 


Oi 


3 


TJ 


CO 


XJ 


a> 


TJ 


TJ 


O 


•— » 


TJ 


TJ 


TJ 


3 


O 


r- « 


TJ 




Ol 


TJ 


o» 


O* 


TJ 


3 


Ok 


3 


XJ 


Ok 


TJ 




O 


«-H 


Ok 


Ok 


o 


0> 


XJ 


CO 


XJ 




Ok 




TJ 


•«H 


XJ 


o 


U 


OJ 


TJ 


3 


XJ 


1— « 


TJ 




TJ 




Ok 


o» 


Ok 


3 


TJ 


CO 


XJ 


Ok 


TJ 


>• 


a 




TJ 




XJ 


c 


O 


CO 


TJ 


CO 


o> 




TJ 


TJ 


XJ 





u c 

TJ CO 

TJ TJ 

U 01 

XJ r— | 

TJ 

U <D 

xj _C 

xj a 

Ok xj 

xJ d) 

TJ £ 



U 
TJ 
Ok TJ 



a 

CO 



XJ 4Q 

Ok > 



Of 



XJ 

TJ 



xj CO 
TJ -*h 



3 H 

TJ «-h ro 
Ok Ok ^h 

(0 H H 

xJ <0 0% 
Ok > m 



TJ 
O* 
Ok Ok 



TJ 
xJ 

O* > 



in u to 



U 

TJ 
TJ 

O 



0). 



CO? 

c 

f— 4 

Ok 
0) 



CO 


TJ 


u 


01 


O 




xJ U 


TJ 


XJ 


Or cor 


XJ 


a 


TJ, >r 


TJ 


CO 




Ok 


TJ 


oi'xj 


XJ 


CO 


xJ 01 


TJ 




to e - 


O 


JZ 


TJt TJ ? 


XJ 


0) 


, O 


XJ 


•— * 


> Ok TJ, 


TJ 




1*0 ki 


XJ 


u 


u x 


Ok 


0) 


TJ xJ 


TJ 


to 


TJ r— 1 


TJ 


TJ 


XJ TJ 


O 


r-H 


Ok > 


Ok 


TJ 


TJ CO 


XJ 


a 


TJ >, 


TJ 


CO 


TJ «— * 


Ok 


TJ 


U CO 


TJ 


is 


Ok 


Ok * 


xj U 


Ok 


Ok 



TJ 
xJ 

U 



3 
Ok 



TJ TJ rH 
O H CD 



xJ 3 
xj 01 



xj a xj u «-t 

TJ CO «-h OI CD O 

Ok TJ CD TJ CO f—* 

TJ 3 i-H O O 

TJ *-* ^» U U O 

Ok Ok rsi u a n 



XJ 


L4 


U 


01 


XJ 


CO 


TJ 


3 


TJ 


r-H 


Ok 


o» 


TJ 




U 


-C 


TJ 


XJ 


TJ 


r-H 


XJ 


TJ 


Oi 


> 


XJ 


c 


TJ 


(0 


TJ 


TJ 


OI 


Ss 


Ok 




Ok 


Ok 


XJ 


C 


TJ 


CO 


TJ 


TJ 


XJ 


U 


U 


01 


XJ 


CO 


XJ 


u 


CJ 


0) 


XJ 


CO 



xJ 01 

XJ _C 



O JH r-H 

U oi n 

XJ 0) H 

D> 3 h 



Ok 

XJ 
XJ r-H 



3 
Ok 



xj a 




XJ >H 

Ok 0> 

TJ 50 




U u 

TJ CO 
Ok TJ 




Ok 3 
xJ 0) 

XJ r-H 




xj 0) 
xJ .C 

xj a 




TJ 3 

TJ r-H 

Ok Ok 




TJ CO 
TJ >, 

TJ i-H 




XJ 0> 

XJ r-H 

TJ *rH 




xJ C 
TJ CO 
TJ TJ 


TJ < 

Ok a* 

XJ O 


TJ CO H 
TJ >, VO 


xj U 
U 0> 



«— • TJ r-H H U U) 



XJ X4 f-H 

O* 0) (N 
TJ CO ^o* 



D H 

TJ r-H GO 
tji tj> 



XJ X4 

TJ xj 



SUBSTITUTE SHEET (RULE 26) 

BNSOOCI0: <WO 9741232A1 I > 



WO 97/41232 



PCT/US97/06931 



16/18 

FIG. 17 




BNSDOCID: < WO 974 1 232A 1 J _> 



WO 97/41232 



PCT/US97/06931 



COUNTS 



200 
160, 
120 -i 
80- 
40 -i 




10» 



101 10 2 103 T64 
IL-15/RED 670 



17/18 





101 10 2 103 104 
IL-15/RED 670 



KEY NAM E PARAMETER GATE 

091595.004 FL3-H NO GATE POS 
091595.003 FL3-H NO GATE NEG 




200 
160- 

120-i 

COUNTS'- 80 i 



40-j. 

o . _ 

100 101* 102 103 
IL-15/RED 670 




104 




COUNTS 



200- 


r— - 


i60;-i 




120r 


~i -. • 


80 r 




40, 




0- 





100 



- *■* 




101 102 103 104 
IL-15/RED 670 



KEY NAME PARAMETER GATE 

091595.008 FL3-H NO GATE POS 
091595.007 FL3-H NO GATE NEG 



FIG. 18A 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO_9741232»1J_> 



WO 97/41232 



PCTOJS97/0693 1 



15/18 



FIG. 16 



The effect of mutant EL- 15 on the proliferation of PHA 
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